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Cladistic analyses of non-molecular and nuclear-encoded rRNA 
sequence data provided the basis for hypotheses of relationships for the green 
algal class Ulvophyceae. Non-molecular data rooted with Chara support 
hypotheses which group the Chlorophyceae and Pleurastrophyceae with 
ulotrichalean and ulvalean Ulvophyceae. Analyses of rRNA sequence data 
group the siphonous and siphonocladous Ulvophyceae (i.e. Caulerpales, 
Siphonocladales, and Dasycladales) with the Chlorophyceae and 
Pleurastrophyceae. Although hypotheses supported by these independent data 
sets are incongruent, they suggest that the Ulvophyceae is not monophytetic. 
Based on rRNA sequences, pleurastrophycean taxa, which, like the 
Ulvophyceae, possess a counter-clockwise arrangement of flagellar basal 
bodies, are more closely related to the Chlorophyceae (which possess 
clockwise basal bodies) than to the Ulvophyceae. Thus, counter-clockwise 
basal body orientation does not diagnose a monophyletic group. Parsimony 
analyses to assess the strength of these hypotheses, including bootstrap, 
decay index, and character distributions suggest that basal divergences exhibit 
little character support and lead to ambiguous rooting of the phylogeny. Data 
randomization tests, however, clearly suggest that there is considerable signal 
in the data.
Examination of ordinal relationships within the siphonous and 
siphonocladous Ulvophyceae revealed that the Dasycladales is the sister group 
to the Caulerpales with the Siphonocladales representing a basal lineage.
Although inconsistent with hypotheses based on ultrastructural features, this 
hypothesis is consistent with recently reported fossil evidence that extended 
the minimum age of the siphonocladalean lineage to ca. 700 million years 
(concurrent with the oldest dasycladalean fossils). Relative rates of 
evolutionary divergence between sister taxa (inferred by comparing the number 
of nucleotide changes along internodes leading to terminal taxa) are higher in 
the Caulerpales and Dasycladales clade than in the Siphonocladales. 
Congruence of phylogenetic hypotheses with biogeographlc distributions were 
also explored. Two lineages are identified in the Caulerpales; one with genera 
of strictly tropical distribution and another with more widespread taxa. The 
sister group, the Dasycladales, is also restricted to the tropics, suggesting that 
this is the primitive distribution pattern. The Siphonocladales exhibit a similar 
pattern: derived cosmopolitan clade and basal tropical genera. Thus, these 




INTRODUCTION AND LITERATURE REVIEW
1
2GREEN ALGAL SYSTEMATICS
History. The Chlorophyta have long been considered to be one of the 
most complex and diverse of all algal divisions. The rich diversity of 
morphological, cytological, and life history types presents the phycologist with a 
vast array of challenging evolutionary questions. Consequently, numerous 
alternative theories concerning the phylogeny and classification of the group 
have been debated since the time of Linnaeus* Species Plantarum (1753). A 
brief historical summary of green algat classification has been provided by 
Round (1984). He described the period from 1725 to 1825 as a  time of 
discovery, description, and initial systematic treatments for the algae, the 
major emphasis being the grouping of taxa based on gross morphological form. 
Linnaeus (1753) classified green algae in the class Cryptogamia, listing only 
the genera Ulva, Conferva, and Chara (Volvoxwas also mentioned, but as an 
animal) and later (Linnaeus, 1758) referred to Acetabufaria and Codium, but 
did not include them among green algae. Lamouroux (1813) assigned Ulva, as 
well as Bryopsis and Caulerpa, to the order Ulvac6es, a group of macroscopic 
green algae (that would later be assigned to the class Ulvophyceae, with which 
this dissertation is concerned). Agardh (1817) established a subdivision of the 
Ulvacdes, the Confervoideae, which contained the green filamentous algae.
In the period from 1825-1900, the algae were subdivided taxonomically 
based on studies of life history and photosynthetic pigments. Harvey (1836) 
was the first to suggest that the green algae were a natural, or monophyletic, 
assem blage distinct from other algal forms. The Chlorospermae of Harvey was 
changed to the Chlorophyceae by Kutzing (1845), who split the group into 
several families, many of which are still recognized as distinct taxa today. 
Unfortunately, Kiitzing's Chlorophyceae included representatives from other
3algal and non-algal taxa, presumably due to the illusion of green pigmentation 
observed with the relatively poor optics available In the mid 1800's (Round 
1984). Nevertheless, one of Kutzing's important observations is the basis for 
some modern definitions of the algae. He noted that the sexual reproductive 
structures are not surrounded by a mutticellular envelopment, but are instead, 
exposed on the surface of the thallus.
The emphasis on algal form in early evolutionary hypotheses for the 
algae is exemplified by the work of Blackman (1900), who suggested that the 
green algae radiated from ancestral green flagellates along three major 
lineages. The volvocine (coenobial) line included the motile unicells and 
colonial forms with a predetermined colony size and cell number (i.e., 
coenobia). The tetrasporine algae were those that ordinarily lack flagella, and 
were noncoenobic. Blackman presumed that in the chlorococcine (siphonous) 
lineage, the ancestral green flagellate lost the ability to divide into somatic cells 
and became non-motile (except in the case of spores or gametes). Although 
many of his ideas have been challenged, Blackman's concept of an ancestral 
green flagellate was perpetuated by Frftsch (1935) and Smith (1950, 1955), 
whose writings have dominated the algal literature since the first half of the 
twentieth century, and provided the basis for training of many modern 
phycologists. In considering the evolution of macroscopic multicellufar forms 
from unicells. Smith (1950) suggested that filamentous green algae arose from 
tetrasporalean algae whose cell divisions became restricted to a single plane 
and whose division products remained attached end to end by a  gelatinous 
matrix. Fritsch (1935), however, suggested that evolution of mutticellular form 
is reflected in the ontogeny of filament formation, in which a  motile unicell 
attaches to the substratum and increases in length by transverse cell division.
4He further hypothesized that more complex thalli are an extension of this 
process via subsequent longitudinal cell divisions.
Round (1963, 1971) published two accounts attempting to synthesize 
available data into a "natural" classification for the green algae and suggested 
that the green algae should be subdivided into four phyla, the Euglenophyta, 
Charophyta, Chlorophyta and Prasinophyta. All but the Chlorophyta contained 
a single class with one to three orders. The Chlorophyta, in which Round 
placed four classes (the Zygnemaphyceae, Oedogoniophyceae, 
Bryopsidophyceae, and the Chlorophyceae), were subdivided more extensively 
than other phyla to reflect their increased diversity.
Ultrastructure. The use of the electron microscope has led to the 
discovery of tremendous diversity in the fine structure of algal cells and has 
revolutionized the way phycologists view evolutionary history of the green 
algae. Round's later classification (Round 1971) was based to a limited degree 
on ultrastructural features, but most of the relationships were inferred from 
gross morphological, biochemical, and life history data. On the other hand, the 
ultrastructure of the flagellar apparatus, and to a  lesser degree, mitotis and 
cytokinesis, have provided the primary character system upon which recent 
hypotheses of phylogenetic relationships among the green algae have been 
based (e.g., Pickett-Heaps 1972, Stewart and Mattox 1978, Mattox and Stewart 
1984, O'Kelly and Floyd 1984a, van den Hoek et al. 1988). Consequently, 
new hypotheses proposed on the basis of ultrastructural features differed 
sharply from relationships hypothesized by Round (1971). In reviews of the 
previous two decades of work and major revisionary classification of the green 
algae, Mattox and Stewart proposed first a three class (Stewart and Mattox 
1978) and then a  five class green algal classification system (Mattox and
5Stewart 1984). Their ultimate system differed from Round's classification in 
that it contained a single phylum, the Chlorophyta, that did not include the 
euglenophytes, and that grouped the Zygnemaphyceae with the charophytes 
(as the Charophyceae) and Oedogoniophyceae with the Chlorophyceae. In 
their system, the basal lineage, the Charophyceae, exhibit lateral insertion of 
the flagella (when present) a persistent interzonal mitotic spindle and a 
phragmoplast type cell division similar to that found in vascular plants. The 
remaining classes possess a cruciate flagellar root system. The more primitive 
of this group, the Ulvophyceae (which included the Bryopsidophyceae and 
some taxa from the Chlorophyceae of Round [1971]), exhibits a counter* 
clockwise rotation of the flagellar root system when viewed from the anterior 
end of the motile cell. As in the Charophyceae, an interzonal spindle persists 
during cytokinesis in the Ulvophyceae, but the cleavage furrow is associated 
with neither phragmoplast nor phycoplast microtubules. The 
Pleurastrophyceae and Chlorophyceae both are characterized by having a 
collapsing interzonal mitotic spindle and a phycoplast at telophase. The 
Pleurastrophyceae possess a counterclockwise orientation of the flagellar 
apparatus, but the Chlorophyceae exhibit clockwise rotation. The relationships 
Mattox and Stewart (1984) proposed for these classes (Figure 1.1) suggest 
that the Chlorophyceae and Pleurastrophyceae are derived among the green 
algae and that the Charophyceae is the most basatly diverged class. They 
erected a fifth class, the Micromonadophyceae, that contained a 
heterogeneous collection of green flagellates that presumably gave rise to 
various other classes. Thus, their concept also encom passes the ancestral 
green flagellate hypothesis. They suggested that the Micromonadophyceae 
may represent a  pool of primitive taxa, similar to the ancestral forms that gave 





Figure 1.1. Relationships among green algal classes according to Mattox and 
Stewart (1984).
7been inferred on the basis of cladistic analysis of rRNA sequence data and 
morphology (Kantz et a I. 1990).
Although many of the basic concepts of the Mattox and Stewart (1964) 
classification are accepted, overall the classification has not received 
widespread acceptance by phycologists. Bold and Wynne (1965), for example, 
preferred to consider the green algae as two phyla, the Chlorophyta and 
Charophyta, each comprised of a single class. They also were hesitant to split 
taxa they consider to be members of natural groupings based on gross 
morphological evidence (e.g. the removal of Klebsormidium from the 
Ulotrichales to the charophycean algae). In addition, van den Hoek et al.
(1968) modified the Mattox and Stewart classification by subdividing the four 
major classes into seven. They recognized the Chlamydophyceae, 
Zygnematophyceae (cf. Round 1971) and Trentepohliophyceae as distinct at 
the class level. They also proposed phylogenetic relationships that are 
inconsistent with those proposed by Mattox and Stewart (1984). In their 
system the Prasinophyceae (including the pleurastrophytes) gave rise to the 
Chlamydophyceae and Charophyceae; the chlamydophycean flagellates gave 
rise to the Ulvophyceae. Chlorophyceae, Zygnematophyceae, and 
Trentepohliophyceae; and the Charophyceae gave rise to the Tracheophytes. 
Other investigators (Mishler and Churchill 1985, Bremer 1985) have inferred 
relationships among green plants by explicit cladistic analyses and suggested 
that the newly proposed class, the Ulvophyceae may not be a monophyletic 
assem blage, but rather a  heterogeneous group possessing a collection of 
shared primitive features.
8The Ulvophyceae. The Ulvophyceae was first informally proposed as 
a class in a diagram by Stewart and Mattox (1978, as "Ulvaphyceae") depicting 
three lineages of green algae. Formal Latin diagnosis of the class came six 
years later (Mattox and Stewart 1984). Stewart and Mattox erected the group 
to accommodate green algae that exhibit a combination of ultrastructural 
features distinct from those of the Chlorophyceae and Charophyceae. In 
particular, the Ulvophyceae lack phycoplasts and multilayered structures 
(MLSs). Thus, the Ulvophyceae were originally defined by the absence of 
critical features. Subsequent studies revealed that this newly recognized group 
of green algae possessed a cruciate flagellar root as do the Chlorophyceae 
(but with a counter-clockwise orientation). The Ulvophyceae were also shown 
to have a persistent interzonal spindle and, in some, scaled zoospores, a s  do 
the Charophyceae (Mattox and Stewart 1984). Thus the Ulvophyceae were 
defined by presumably primitive features or by the absence of features.
O'Kelly and Floyd (1984) further refined the delineating characteristics 
of, and taxa assignable to, the class. Taxa were placed in the class 
Ulvophyceae if their flagellar apparatus possessed 180° rotational symmetry, 
counterclockwise absolute orientation, upper and lower basal body pairs that 
are perpendicular to the long axis of the cell, overlap in the proximal ends of the 
upper basal body pair, cruciately arranged microtubular rootlets in an X-2-X-2 
pattern, and the absence of multilayered structures (MLSs). They afso 
suggested that striated bands attaching microtubular rootlets to basal bodies 
and striated distal fibers are common, but not universal, components of the 
ulvophycean flagellar apparatus. Mitosis in the ulvophycean cell is 
characterized by a closed centric, persistent spindle apparatus. Cytokinesis 
exhibits a centripetal furrow which lacks either phycoplast and phragmoplast
9microtubules. Although there is a thorough list of unifying features for the 
class, O'Kelly and Floyd (1984) admitted that no single feature could be 
identified as unique to the class Ulvophyceae.
Ulvophycean orders. A wealth of information regarding the 
ultrastructural details of microscopic green algae has been gathered, 
presumably because of the lack of distinguishing features at the light 
microscopic level. However, a review of the literature suggests that 
considerably fewer investigations have focused on describing ultrastructural 
features for the macroscopic green algae. Perhaps this situation is due to a 
perceived abundance of gross morphological features that distinguish 
macroscopic forms. Most ultrastructural studies of macroscopic forms have 
attempted to establish the class level affiliation for a few representative taxa. 
Although these studies have identified a  suite of characteristics that allow 
assignment to the class Ulvophyceae (e.g., Roberts et al. 1980,1981, 1982, 
Sluiman et al. 1980, 1983, Hoops et al. 1982, Lockhorst and Star 1983, O'Kelly 
et al. 1984), few studies have attempted to distinguish orders on the basis of 
ultrastructural features. In a first attempt to extend the resolving power of these 
class level character systems (i.e., ultrastructural features of nuclear and cell 
division and the flagellar apparatus) to ordinal circumscription, O'Kelly and 
Floyd (1984b, Floyd and O'Kelly 1990) synthesized a combination of 
ultrastructural, biochemical, and life history data. They sought to distinguish 
orders of ulvophycean algae and to determine the evolutionary relationships 
among them. O'Kelly and Floyd (1984b) diagnosed five orders within the 
Ulvophyceae and proposed a cladogram (Figure 1.2, after Floyd and O'Kelly 
1990). Although their analysis was not based on an explicit method of 
character analysis, they concluded that among the five orders assignable to the
10
Figure 1.2. Relationships among ulvophycean orders according to O'Kelly and 
Foyd (1984).
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Ulvophyceae, the Ulotrichales and Ulvales with mostly uninucleate vegetative 
cells are the most primitive orders. The multinucleate siphonous and 
siphonocladous green algae, the Caulerpales, Siphonocladales (which includes 
the Cladophorales), and the Dasycladales are the most derived. These authors 
suggested that the Siphonocladales and Dasycladales are sister taxa united by 
a single shared character, a ‘flattened" flagellar apparatus. The assigned 
polarity of these relationships was based largely on presumed evolutionary 
trends in the Ulvophyceae that include: 1) a loss of scaled motile cells, 2) a 
tendency toward multinucleate cells, 3) loss of quadriflageliate motile cells, 4) 
loss of some motile cell components, 5) orientation of basal bodies 
perpendicular to the long axis of the cell, 6) loss of an isomorphic alternation of 
generations, 7) a tendency for increasingly complex reproductive structures, 
and 8) increasing structural and chemical organization of cell wall microfibrils.
Analysis of data. By 1983, when the Sytematics Association held a 
symposium (the proceedings of which were later published as a 450 page 
volume on green algal systematics [Irvine and John 1984]), it was apparent that 
a considerable amount of character data had been collected for the 
Chlorophyta. At about this same time, it was also apparent to some 
investigators that our understanding of phylogenetic relationships among these 
plants was limited not only by inadequate character sampling, but also by a 
lack of explicit approaches to data analysis. Bremer (1985) and Mishler and 
Churchill (1985) synthesized the available data in a Hennigian cladistic analysis 
of green plant relationships. Although most concepts of the Mattox and Stewart 
(1984) classification were supported in their analyses, both studies made 
similar inferences concerning the class Ulvophyceae: the group lacked unique
12
diagnostic features and probably was not a  monophyletic or "natural" 
assemblage.
Subsequently, Sluiman (1989) sought to provide the necessary 
character support for monophyly of the Ulvophyceae. He proposed that all taxa 
that possessed a counterclockwise flagellar apparatus be united in a single 
class, the Ulvophyceae. Thus, two additional orders were assigned to the 
class: the Trentepohliales and Pleurastrales. This proposal was instantly 
controversial. The Trentepohliales, previously of uncertain status, possessed 
features in common with both the Charophyceae (MLSs and phragmoplast-type 
cell division) and the Ulvophyceae (counterclockwise flagellar apparatus and 
alternation of generations). In addition, the Pleurastrales, which had been 
recognized as a  separate class and the sister group to the Chlorophyceae 
(Mattox and Stewart 1984), possessed a phycoplast, considered to be a  
derived feature among green algae. Thus, although Sluiman diagnosed the 
class Ulvophyceae on flagellar characters, he implied a  priori that some 
features of cell division (e.g., phycoplast and phragmoplast) and the MLS are 
homoplastic (independently derived) within the green algae. Sluiman justified 
his emphasis on features of the flagellated ceils on the assumption that the 
flagellar apparatus was highly conserved throughout evolution, and 
modifications to the associated structures took place in the pool of ancestral 
green flagellates. He continued by suggesting that if higher level taxonomic 
groups were to be monophyletic. they should be defined by flagellated cell 
features, while other features may be useful for defining lower level 
relationships. The hypothesis that muticellular green algae arose from 
flagellated ancestors is indeed long-standing and widely accepted. However, 
Sluiman's concept of the relative suitability of one characteristic over another
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for diagnosing phylogenetic relationships was based on assumptions regarding 
the nature of character evolution, not on whether that character uniquely 
diagnosed a monophyletic group in an explicit phylogenetic analysis (see 
discussion on phylogenetic sytematics below).
Despite agreement among many investigators that ultrastructural 
characters are important indicators of phytogeny, and despite recent attempts 
to incorporate these data into cladistic classifications, the following questions 
remain unresolved: 1) Does counter-clockwise orientation of basal bodies 
diagnose the Ulvophyceae as a  monophyletic group at the class level? 2) What 
are the orders to be assigned to the Ulvophyceae? 3} What are the 
relationships among those orders? 4) What is the relationship of the 
Ulvophyceae to other classes of green algae?
PHYLOGENETIC SYSTEM ATI CS
Introduction. "It is pointless (since it is self evident) to say, as  is often 
said, that a  species or species-group is 'phylogenetically related' to another. 
The question is rather one of knowing whether a species or species-group is 
more closely related to another than to a  third.” Willi Hennig (1965) thus 
introduced the concept of phylogenetic systematics, which attempts to discover 
hierarchical degrees of relative relatedness within a group of organisms (and 
although the term "relative relatedness" may at first sound redundant, it is 
central to inferring historical pattern in a myriad of alternative hypotheses). 
Thus, the degree of phylogenetic relatedness is measured by the recency ol 
common ancestry. For example, if species A is more closely related to species 
B than either is to species C, it follows that species A and B shared a more
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recent common ancestor than did species A, B and C together. This 
hierarchical system is comprised of nested sets of monophyletic groups 
(sometimes referred to as clades). Since species A and B are closest relatives, 
they form a monophyletic group. Likewise, if species A, B and C are more 
closely related to each other than to a fourth, species D, then species A, B, and 
C form a monophyletic group at a still more inclusive level, and so on. As will 
be discussed further later, this concept has profound consequences for 
classification systems. For instance, if the closest relative (sister taxon) of 
species D, species E, was grouped with A, B, and C into a  single higher taxon 
and species D was assigned to another, neither higher taxon would be a 
monophyletic group (see figure 1.3).
Terminology and concepts. A central assumption of phylogenetic 
systematics is that evolution has produced hierarchical groups by way of 
descent with modification and that life is monophyletic. This assumption allows 
one to postulate hypotheses of homology for features that are similar among 
organisms (Hennig 1966). Homology, as used here, may be defined as 
features that are similar due to common ancestry. Thus, a s  Eldredge and 
Cracraft (1960) so aptly wrote in restating one of Hennig's principles of cladistic 
analysis, 'Homologous similarities are inferred inherited similarities that define 
subsets of organisms at some hierarchical level within a universal set of 
organisms." Differences in the characteristics of organisms arise through time 
as a  result of the evolutionary process (or our perception of how evolution has 
proceeded). Therefore, homologous derived similarities or apomorphies define 
various levels in the hierarchy of life. Homologous similarities that are shared 
derived features and inherited from the immediate common ancestor are 
termed synapomorphies and may be used to define monophyletic groups.
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Figure 1.3. Mononphyletic groups
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Sympleisiomorphies, on the other hand, are shared primitive features and are 
inherited from an ancestor that is not the most recent common ancestor of a  
subset of organisms. A characteristic found only in a  single taxon is termed an 
autapomorphy. One should note that these terms describing homologous 
similarities change depending on the hierarchical level at which they are 
applied. For instance, a phycoplast system of microtubules has been 
demonstrated in cytokinesis for both pleurastrophycean and chlorophycean 
green algae. This character is a synapomorphy for the proposed clade 
including only these two classes (sensu Mattox and Stewart 1984). However, 
this character is symplesiomorphic (not diagnostic) for either class at the 
exclusion of the other.
Classification. Because it is an implicit goal of phylogenetic 
systematics to produce classification systems that are a true reflection of 
historical pattern, taxa at any rank should be monophyletic groups diagnosed 
by synapomorphic characters or character states. By grouping terminal taxa on 
the basis of shared primitive features, one risks grouping only some of the 
descendants of a most recent common ancestor (the remaining descendants 
having not retained the primitive characteristic). The result of such groupings 
may well be non-monophyletic taxa.
Homoplasy. Similar features originally thought to be homologous 
prior to a  phylogenetic analysis but which are found a posteriori to arise 
independently in two different evolutionary lineages, or to appear and then 
disappear, are called homoplasies (Farris 1983). Three general kinds of 
homoplasy may be identified: parallelism, convergence, and reversal. 
Similarities which evolve from the same character but whose appearances are 
separated in space and or time are called parallelisms. Alternatively, if similar
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features arise from different characters, they are called convergences. A 
reversal occurs if a character reverts back to the plesiomorophic (primitive) 
state. Parallelisms, convergences, and reversals constitute non-homologies 
because they have not evolved from a most recent common ancestor.
Because the evolutionary biologist has no way of knowing prior to phylogenetic 
analysis which characters are homoplastic (phylogenetic noise) and which ones 
are not (phylogenetic signal), appropriate methods must be employed to 
discover the underlying historical pattern.
Polarity of Inferred relationships. Hypotheses of what are primitive 
or derived features are based on hypotheses of character polarity. Various 
methods (paleontologic, outgroup, ontogenetic) have been proposed for 
inferring character polarity and thus the directionality of character evolution.
The paleontologic criterion (Nelson 1978, De Queiroz 1985) would suggest that 
the character state occurring in the oldest geological stratum should be 
considered the primitive state whereas those occurring in more recent strata 
are more derived states. A more frequently used criterion, the outgroup 
method (Watrous and Wheeler 1981, Farris 1982, Maddison et al. 1984), 
polarizes character states for the ingroup (the monophyletic group of organisms 
being studied) relative to the character state or states of other outgroup taxa, 
the latter presumed primitive. A modification of this procedure is to construct a 
most parsimonious unrooted network containing both ingroup and outgroup 
taxa and simply root the network without polarizing character states (Maddison 
et al. 1984, Swofford and Olsen 1990). Multiple outgroup taxa need not be 
monophyletic, but assignment of taxa to the outgroup assum es that the 
remaining ingroup taxa are monophyletic. Character polarity can then be 
inferred a  posteriori. Theriot (1989) has suggested that the outgroup
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substitution approach (Donoghue and Cantino 1964) may be useful in higher 
taxonomic level studies in the algae, where outgroup relationships are weakly 
corroborated. This method employs repeated analysis with different outgroups 
to substantiate inferred relationships. The ontogenetic method (Nelson 1978, 
De Queiroz 1985) polarizes characters based on their developmental 
transformation in the ontogenies of taxa being compared. Put simply, if a 
character slate occurs early in the development of a  taxon and is subsequently 
transformed to a second character state (but the early character state remains 
unchanged in the ontogeny of another taxon), the character state occurring 
early in development is plesiomorphic.
Parsimony. Putative homologies are often incongruent in that they 
support conflicting hypotheses of relationship among taxa. Given that the 
number of possible hypotheses for even a handful of terminal taxa is 
exceedingly large, and because the true historical pattern cannot be proven 
empirically (as with other hypothetico-deductive sciences), an objective method 
of choosing among competing hypotheses is required. The most widely used 
method for assessing congruence between characters and hypotheses is 
maximum parsimony. Put simply, the evolutionary hypothesis that minimizes 
evolutionary change is favored. This use of the term parsimony does not differ 
from a more general inference in science that maintains that simpler 
hypotheses are preferred over more complicated ones that require additional 
explanation. The use of parsimony in phylogenetic systematics has usually 
been justified in terms of Popper's ideas of falsification (Wiley 1981, Nelsen 
1978, Farris 1983). Justifications for the use of parsimony are nested in terms 
of hypothetico-deductivism: The hypothesis requiring the fewest ad hoc 
hypotheses of homoplasy (or falsification by incongruent character
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distributions) is favored. Although use of parsimony may appear arbitrary (and 
its proponents dogmatic), a hypothesis chosen on the basis of parsimony does 
not mean it is necessarily true. It is, however, the best fit of the data to any of 
the potential hypotheses. Farris (1983) likens parsimony to fitting data to a 
least squares regression line. This statistical procedure minimizes residual 
variation to find the best fitting line through a cloud of data. Although increased 
residual variance about the regression line weakens its preference over nearby 
alternative lines, it does not lead to the selection of a line with a worse fit to the 
data. Similarly, parsimony minimizes ad hoc hypotheses of homoplasy. Use of 
parsimony as a criterion to evaluate hypotheses is not to assum e that 
homoplasy is rare (Farris 1983, Sober 1983, Wiley 1975), only that hypotheses 
of homoplasy should be minimized to explain character distribution in a 
phylogeny. Farris concludes that high levels of homoplasy do not justify 
choosing a less parsimonious hypothesis over a more parsimonious one. 
Homoplasy (as does increased residual variance) simply weakens the 
preference of one hypothesis over another.
There are several forms of parsimony analysis that differ with regard to 
underlying evolutionary models (e.g. the mode of character transformation). 
The most widely used, Wagner parsimony, allows unrestricted reversible 
transformation of binary ( two states) or ordered multistate characters (Farris 
1970). Ordered characters are those which must transform through a  linear 
series of character state change (i.e. 0 to 1 to 2 or the reverse but never 0 to 2 
or 2 to 0 directly). Under Fitch parsimony (Fitch 1971). the least constrained 
model of character transformation, characters are unordered whereby any 
character state is allowed to transform freely into any other character state.
Fitch parsimony has been the method of choice for nucleotide and protein
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sequence data. Other forms of parsimony are more restrictive in the types of 
allowable character state change. Dollo parsimony (Farris 1977} allows only a  
single gain of the derived (apomorphic) state. Camin-Sokal parsimony (Camin 
and Sokal 1965) was the first parsimony model for discrete character data to be 
described. The method prevents reversals from the derived state back to the 
ancestral (plesiomorphic) state thus making the very strong assumption that 
evolution is completely irreversible.
Alternative methods of phylogeny reconstruction. Some 
investigators (e.g., Clark and Curan 1986) have suggested that although 
parsimony is a powerful tool for inferring phytogenies, it may not be the best 
method, and the investigator should feel free to abandon the most 
parsimonious hypothesis for a less parsimonious one, as  long as the reasons 
for doing so are explicitly outlined. Other investigators have promoted the use 
of non-cladistic techniques to derive more reliable phylogenetic hypotheses. 
Phenetics, an alternative to cladistics, clusters taxa on the basis of overall 
similarity. In so doing, all shared characteristics, whether they be primitive or 
derived, are used to define groups. In addition, uniquely derived features 
(autapomorphies) are considered informative in a phenetic analysis, grouping 
together those taxa which lack the feature. Thus, phenetics groups taxa by 
symplesiomorphy as well as  synapomorphy. In a phenetic analysis the 
character data are converted to pairwise distance (or similarity) measurements 
(by any of a variety of formulae). The taxa are then clustered in a phenogram 
in which relationships are inferred by minimizing the distances between taxa. 
Therefore, the nodes of a phenogram make no inference as to the character 
data at a node (the hypothetical ancestor) and therefore have no phylogenetic 
basis (Wiley, 1981). Many phenetic analyses assum e a constant rate of
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change among the taxa being analyzed. One exception to this is the neighbor- 
joining method of Saitou and Nei (1987).
A criticism of some distance measures is that inferred branch lengths 
are not additive. To be additive, the path length between any two taxa placed 
on the tree must equal the tree defined distance between those two taxa.
Farris (1985) provides a simple example in which distances are not additive. If 
three unresolved terminal taxa differ by a single amino acid or nucleotide site, 
assigned branch lengths of 0.5 leading to each would satisfy the observed 
distance between terminals. However the distance between a terminal taxon 
and the hypothetical ancestor to this trichotomy would imply a  change of 0.5 
site substitutions. This proposes an unrealistic occurrence. In addition, since 
each of the three differ by a single residue, the sum of the branch distances 
must be at least two, but the combined fitted branch lengths only totals 1.5. 
Therefore, fitting branch lengths to a tree based upon observed distances may 
lead to the inference of an impossible event.
Felsenstein (1978,1983) has presented one process model of evolution 
in which parsimony and phenetic approaches may give misleading results. He 
showed that for two clades separated by a  short internal branch, with each 
clade possessing a terminal taxon with a high rate of change in a  constrained 
character system ( few possible character states, e.g. nucleotide sequence 
data), convergence will become increasingly likely and overwhelm homologous 
characters on the central branch. The result of Felsenstein's model is an 
attraction between the high rate taxa, and an incorrect reconstruction of the 
phylogeny. Felsenstein suggests that this is a case in which phylogenetic 
inference methods do not possess the quality of statistical consistency, that is, 
analysis of more characters will not converge on a "correct" answer, but will
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become increasingly misleading. Li et al. (1987) have shown through 
simulation studies, that parsimony, maximum likelihood (discussed below), and 
neighbor-joining are robust to rate differences among taxa as long as those 
differences are not extreme.
The situation described above may be prevalent in the reconstruction of 
rapid and ancient divergences. Lake (1987) has suggested an alternative 
method for inferring branching pattern with nucleotide sequence data for four 
taxa that are possibly the product of such a divergence. His method, called 
"evolutionary parsimony" or "Lake's method of invariants," is based entirely on 
transversional nucleotide changes. Transversional nucleotide sites are scored 
as to whether they support or countersupport one of three possible unrooted 
four taxon trees. Supporting positions include two identical purines and two 
identical pyrimidines (e.g., AACC or GTGT) or two dissimilar purines and two 
dissimilar pyrimidines (e.g., GATC) and countersupporting sites would include 
two dissimilar purines and two similar pyrimidines (e.g., AGCC) or two similar 
purines and two dissimilar pyrimidines (e.g., AACT). For each topology, the 
scores equal to the sum of the number of supporting sites minus the number of 
countersupporting sites. Scores for two of the branching patterns should be 
nearly zero, while a third may or may not be significantly different from zero 
based on a x2 test. The tree, if any, that is significantly different from zero is 
supported.
Maximum likelihood estimation for phylogeny reconstruction is an 
approach that evaluates phytogenies based on the likelihood that a  given 
model of the evolutionary process will produce the observed data; the 
phylogeny with the highest likelihood is the one inferred. Involved here is a 
calculation of probability of the data, given the phylogeny (Felsenstein 1984). It
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has been suggested that parsimony and likelihood methods will converge on 
the sam e tree (Sober 19B5). Felsenstein (1978) urges that maximum likelihood 
methods have the desirable quality that of being statistically consistent 
(converging on the true tree as  more data are analyzed), a quality Felsenstein 
(1978) suggests is not displayed by parsimony when rates of evolution are high 
and or sufficiently different between lineages.
Phytogenies inferred from maximum likelihood estimation are dependent 
upon how the evolutionary process is modelled. Several models of process 
have been devised for DNA sequence evolution, but the two most frequently 
used are the Jukes-Cantor (Jukes and Cantor 1967) and the Kimura (1980) two 
parameter models. Although both assum e that all four nucleotides are equally 
frequent, the Jukes-Cantor model assum es that all base substitutions are 
equally likely but the Kimura two parameter model provides for different rates of 
transitions and transversions. There are cases in which different models could 
result in different phytogenies being inferred (Theriot 1989). Therefore 
statistically based methods may be no more testable than parsimony methods.
Obviously there are many different methods upon which to base a 
phylogenetic analysis. Because of the different assumptions inherent in all 
methods, each method could result in a different phylogeny being inferred, 
depending on the data at hand. If this were the case, and one took the 
approach of sequentially analyzing the data with every conceivable method, the 
investigator would have the privilege of choosing the result that conformed to 
his or her world view; not the most satisfying result if systematics is to remain 
an objective science. One can argue that systematists must make informed a 
priori decisions concerning methods of analysis rather than use a  "shotgun"
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approach to phylogenetic reconstruction with an a posteriori selection of the 
"appropriate" method.
This dissertation is based primarily upon parsimony analysis of 
molecular (ribosomal RNA gene sequences) and non-molecular data. The 
rationale for using this method includes several factors: 1) Parsimony uses 
discrete characters whose distribution on the inferred phylogeny can be 
recovered. Therefore, the extent to which characters are apomorphic or 
homoplastic, and which nodes of the tree are being influenced by their 
transformations may be apparent. In contrast, with phenetic clustering 
techniques, all the data compared between two taxa are reduced to single 
distance values, and the distribution of character states is not inferred for the 
resulting phylogeny. 2) Parsimony groups taxa based on shared derived 
features, that is, positive evidence for descent with modification by which 
groups represent all of the descendants of a most recent common ancestor. 
Parsimony does not group by overall similarity (as do distance analyses), a 
process that risks grouping by shared plesiomorphic states. 3) Parsimony 
makes fewer and simpler assumptions regarding the evolutionary process. 
Parsimony simply assum es that there has been descent with modification and 
that similarity of features is some indication of relatedness. On the other hand, 
many distance m easures and the current methods for determining maximum 
likelihood trees rely upon process models of character change (e.g., rate 
constancy and/or probabilities of various types of nucleotide change).
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RIBOSOMAL RNA
Introduction. All living organisms have an impressive degree of 
biochemical unity. They all synthesize proteins from the sam e 20 amino acids, 
and nucleic acids from the same five nucleotides. This unity, some would 
argue, suggests that the organismal diversity today must have arisen from a 
single common ancestor which possessed the features common in ail 
organisms today. The apparent conservation of features is most likely the 
result of the fact that any change in the basic molecular machinery would be 
lethal. All organisms synthesize proteins, and, it follows, that alt organisms 
possess the fundamental components of cellular protein synthesis. Ribosomat 
RNA (rRNA) is one such component; therefore, all organisms possess genes 
which code for rRNAs. Genes which code for rRNA can be encoded in the 
nucleus or in the mitochondria and chloroplasts. Sequence similarity between 
organellar rRNA and bacterial rRNA has provided some of the support for the 
endosymbiotic theory of organellar origins. Because rRNA genes are found in 
all living organisms, and because techniques are available for the rapid 
determination of the primary sequences of these genes, their use as a  source 
of phylogenetic characters has become increasingly popular over the past five 
years. Use of primary nucleotide gene sequences for phylogenetic analysis at 
various taxonomic levels has received considerable attention because of the 
large number of putatively homologous characters obtained and because these 
sequences represent fundamental genetic characters with a clear phylogenetic 
basis. Hamby and Zimmer (1991) have provided a partial listing of various 
phylogenetic studies employing rRNA sequence data and a  review of rRNA as 
a phylogenetic tool. Chapman and Buchheim (1991) have reviewed such 
research for green algal studies.
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rRNA gene organization. Ribosomal RNA encoding genes are a 
major component of total plant DNA, contributing as much as 10% to the size of 
the genome (Hemleben 1988). This gene is represented in thousands of 
tandemly repeated copies in the typical plant genome (Appels and Honeycutt, 
1986). Figure 1.4 illustrates the organization of rRNA genes in a  typical plant 
genome. Each coding region is separated from the next by a non-t ran scribed 
intergenic spacer (IGS). The transcribed repeat unit, beginning at the 5' end, 
consists of an external transcribed spacer (ETS), the 18s gene (or small 
subunit rRNA gene -SSU), an internal transcribed spacer (ITS1), the S.8S 
gene, a second internal transcribed spacer (ITS2), and the 26S gene (or large 
subunit rRNA gene - LSU). The ITS regions are excised post-transcriptionally 
to produce the three mature rRNA's.
An interesting feature of the rRNA genes is the lack of sequence 
divergence among the repeat units within an array. If members of the gene 
family were evolving independently, one might expect that comparisons of gene 
copies within a species (paralogous comparison) would be as divergent as 
comparisons between different species(orthologous comparison). The 
homogeneity of sequence observed from paralogous comparison suggests that 
rDNA repeat units are not evolving independently. Rather, there appears to be 
concerted evolution (Zimmer et al. 1980) in which the repeats are 
homogenized. Mechanisms of concerted evolution may include unequal 
crossing over, unequal exchange, or gene conversion (Dover 1982, Arnheim,
1983).
rDNA sequence variation. The sequences of large and small subunit 
rRNA's have been shown to possess some regions that are conserved across 




Figure 1.4. Typical plant rRNA gene organization
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sequence are more variable, but to varying degrees. For instance, Gray et al.
(1984) have found that regions of the small subunit rRNA correspond to 
universal, semi-conserved, and variable, which potentially allows for the 
comparison of taxa at a variety of taxonomic levels.
CHAPTER 2




The hypothesis, based on ultrastructural features of the flagellar 
apparatus and cell division (Stewart and Mattox 1978, Mattox and Stewart 
1984, O'Kelly and Floyd 1984), that the Ulvophyceae are a  natural group of 
green algae recognizable at the class level, has received increasing support by 
phycologists since its conception. Even so, a  few investigators have 
incorporated the Ulvophyceae into cladistic analyses of the phylogeny of green 
plants (Mishler and Churchill 1985, Bremer 1985) yet failed to identify 
characters supporting monophyly of the class. Unfortunately, this literature has 
been entirely ignored (or, at least not cited) by many researchers concentrating 
on the Ulvophyceae. Instead, investigators (Sluiman 1989, Floyd and O'Kelly 
1990) have focused on discovering unique characteristics of, and taxa 
assignable to, the Ulvophyceae. Hypotheses of monophyly have been 
proposed (Sluiman 1989) which are contingent upon a priori character 
weighting to identify diagnostic features (counterclockwise flagellar apparatus) 
and have disregarded conflicting characters perceived by other researchers to 
be diagnostic for alternative relationships (e.g., Sluiman's [1989] grouping of ali 
taxa with counterclockwise flagella, previously separated on the basis of mitotic 
characteristics).
A rigorous phylogenetic analysis to test explicitly the monophyly of the 
ulvophycean green algae and their interrelationships has not been conducted 
and represents the goal of this study. One exception to the apparent lack of 
explicit analyses for these organisms is the study by Fioyd and O'Kelly (1990), 
where characters were mapped onto their previous phylogenetic hypothesis
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(O'Kelly and Floyd 1984). Their analysis warrants several comments.
Although cladistic relationships among taxa were depicted by character 
distribution, they were not always mapped in the most parsimonious 
arrangement. In addition, alternative character distributions were not 
considered. This analysis was also flawed by possible non-independence 
characters (e.g., character 3: scales on body and flagella, scales on body only, 
scales absent, compared with character 4: multiple scale layers, one scale 
layer, scales absents Perhaps the weakest aspect of this study, however, was 
the absence of any closely related green algal taxa (chlorophycean or 
charophycean algae) to test their relationship to ulvophycean representatives. 
This is troublesome because previous classifications split the algae now 
assigned to the Ulvophyceae into two different classes. Round (1971) 
assigned the Ulvales and Ulotrichales to the Chlorophyceae and the 
Caulerpales, Dasycladales, and Siphonocladales to the Bryopsidophyceae. 
Round suggested that lateral fusion of Bryopsidophycean gametes is 
sufficiently different from that in volvocalean aigae to warrant the separation of 
classes. He also cites differences in pigment composition (Strain 1965, Kleinig 
1969, Ricketts 1971), wall polysaccharides (Iriki and Miwa 1960, Frei and 
Preston 1964, and Parker 1970) and chloroplast structure (Hori and Ueda 
1967) as important features in distinguishing the two classes. However Round 
does concede that no unique diagnostic feature is known that unites the class 
Bryopsidophyceae and readily distinguishes it from the Chlorophyceae. For 
this reason, classifications of many phycologists (Fritsch, 1935, 1945; Smith 
1950, 1955; Papenfuss 1955; Christensen 1962; van den Hoek 1978; and Silva 
1980) have grouped the siphonous and siphonocladous green algae with 
chlorophycean taxa into a single class, the Chlorophyceae.
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MATERIALS AND METHODS
Non-molecular data for 22 ulvophycean, chlorophycean, 
pleurastrophycean and charophycean green algae were gleaned from the 
literature (see Table 2.1 for a list of features, and Appendix A for the data 
matrix). Inference of phylogenetic relationships was performed with the 
computer program PAUP (Phylogenetic Analysis Using Parsimony) 3.0q 
(Swofford 1989) using the heuristic search option with the tree-bisection- 
reconnection branch swapping algorithm. Although not guaranteed to find the 
most parsimonious tree, this method was chosen because the more exhaustive 
search methods (branch and bound or exhaustive) would have taken too long 
to complete the search with this number of taxa. To increase the probability of 
finding minimal length trees, the analysis was replicated ten times with taxa 
entered in a different random order each time. Polarization of the characters 
was accomplished by the outgroup method, with Chara and Klebsormidium 
(Charophyceae) as outgroup taxa. These outgroup taxa were used both singly 
and in combination to test the effect on tree stability. Characters were treated 
as multistate and unordered.
Table 2.1. List of non-molecular characters and their possible character states.
1. Quadriflagellate zoospores: G=present, A=absent. (O'Kelly and Floyd 1984, 
Bold and Wynne 1985).
2. Scales on motile cell: G^present, A=absent. (Sluiman et al.1960, Floyd and 
O'Kelly 1984, O'Kelly and Floyd 1984).
3. Terminal Cap: G=present, A=absent. (Sluiman et al.1980, Floyd 1981,
Floyd and O'Kelly 1984, O'Kelly and Floyd 1984a,b, Sluiman 1989).
4. Simple overlapping terminal cap: G«present, A»absent. (Floyd 1981, Floyd 
and O'Kelly 1984. O'Kelly and Floyd 1984a,b).
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5. Proximal Sheath: G» two equal subunits, A~ rudimentary, T * two unequal 
subunits. (Fioyd and O'Kelly 1984, O'Kelly and Floyd 1984, Roberts et al. 
1982).
6. Life History type: G * D', A = Dh, T ■ Hh, C * H^. (Bold and Wynne 1985, 
Floyd and O'Kelly 1984, O'Kelly and Floyd 1984, Liddle et al. 1976).
7. Xylan in cell wall of gametophyte: G*present, A*absent. (Parker 1970, 
O'Kelly and Floyd 1964).
8. Mannan in cell wall of gametophyte: G=present, A-absent. (Parker 1970, 
O'Kelly and Floyd 1984).
9. Cellulose in cell wall of gametophyte: G»present, A=absent. (Parker 1970, 
Domozych et al. 1960, O'Kelly and Floyd 1984).
10. Siphonein: G«present, A=absent. (Goodwin 1974, O'Kelly and Floyd 1964, 
Yokohama 1960).
11. Siphonoxanthin (independent of shade adapted forms): G*present, 
A=absent. (Goodwin 1974, O'Kelly 1962, Yokohama I960, O'Kelly and Floyd 
1964).
12. Transition region septum: G=present, A^absent. (Melkonian 1984).
13. Chloroplast type: G«discoid, A=plate!ike, T=fragmented, C=perforate.
(Bold and Wynne 1985).
14. Muttinucleate vegetative stage: G=present, A=absent. (Bold and Wynne 
1985).
15. Utricles: G=present, A=absent. (Bold and Wynne 1985).
16. Leucoplasts: G=present, A=absent. (Hillis-Colinvaux 1964, Bold and 
Wynne 1985).
17. Centrioles lateral to spindle: G=present, A=absent. (Liddle et al. 1976,
Hori 1981, O'Kelly and Floyd 1984, Mattox and Stewart 1984, Sluiman 1989).
18. Absolute orientation of Flagellar apparatus: G=counterclockwise, 
A=cockwise. (Floyd and O'Kelly 1984, O'Kelly and Floyd 1984, Mattox and 
Stewart 1984, Sluiman 1969).
19. Specialized gametangia: G=present, A«absent. (O'Kelly and Floyd 1984, 
Bold and Wynne 1985).
20. Gamete types: G*anisogamous, A»isogamous, T*oogamous. (Bold and 
Wynne 1985)
21. Plasmodesmata: G*present, A=absent. (Chapman and Good 1978, 
Chappell et al. 1978, Mattox and Stewart 1984)
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22. Holocarpy: G=present, A=absent. (Hillis-Colinvaux 1964, Bold and Wynne 
1985).
23. Non-septate reproductive structures: G=present, A=absent. (Hillis- 
Colinvaux 1984).
24. Cell Plate at cytokinesis: G=present. A=absent. (Chapman 1984, Lokhorst 
1985),
25. Molecular weight of light harvesting complex: A—light. G=heavy. (Fawley et 
al. 1990).
26. Phycoplast: G-present, A=absent. (Molnar et al. 1975, Graham and 
McBride 1978, O'Kelly and Floyd 1984, Sluiman 1989).
27. Rhizoplast: G*present, A=absent. (O'Kelly and Floyd 1984, Chapman 
1984, Sluiman 1989).
28. Flattened Flagellar apparatus: G=present, A=absent. (O'Kelly and Floyd 
1984, Roberts 1984, R. L. Chapman, pers. comm.).
29. Intercalating transition region septum: G=present, A=absent. (Melkonian 
1984, Floyd et al. 1985).
30. Pyrenoids: G*present, A=absent. (Bold and Wynne 1985, Sluiman 1989)
31. Temperate affinity: G * cosmopolitan, A = tropical, T * warm temperate, C 
= cool temperate. (Bold and Wynne 1985, Wynne 1986).
32. Wall calcification: Gspresent, A=absent. (Bold and Wynne 1985, 
Borowitzka 1982a,b).
33. Aragonite wall calcification: G=present, A=absent. (Borowitzka 1982a,b).
34. Caicite wall calcification: G=present, A«absent. (Borowitzka 1982a,b).
35. Urea degrading enzyme: G* UAIase, A*urease. (Syren and Al-Houty
1984).
36. Giant nucleus: G=present, A=absent. (Bold and Wynne 1985)
37. Thallus type: G»unicellular, A=Multicellular. (Bold and Wynne 1965).
38. Multicellular thallus type: G-filamentous, A=foliose. (Bold and Wynne
1985).
39. Multinucleate thallus type: G*siphonous, A=siphonociadous. (Bold and 
Wynne 1985).
40. Multicellular filamentous thallus type: G=branched, A»unbranched. (Bold 
and Wynne 1965).
41. Rhizoplast associated with microtubular roots: G*= presen t, A* absent. 
(Sluiman 1989, O'Kelly and Floyd 1984)
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42. Interzonal mitotic spindle: G=persistent, A=collapsing. (Burr and West 
1970, Liddle et al. 1976, Hori 1961, O'Kelly and Floyd 1984, Sluiman 1989).
43. Glycolate oxidizing enzyme, G=glycolate oxidase, A=glycolate 
dehydrogenase. (Syrett and Al-Houty 1984).
For thorough reviews of ultrastructural features pertaining to the Ulvophyceae, 
see  O'Kelly and Floyd 1984 and Sluiman 1989.
RESULTS
Cladistic analysis of 43 non-molecular characters for 22 green algal 
taxa, using Chara and Ktebsormidium as  outgroup taxa, resulted in 104 equally 
supported phylogenetic hypotheses, each with a total length of 90 steps and a 
consistency index of 0.544. Because of the placement of Ktebsormidium, (an 
outgroup taxon) in various positions within the ingroup, the tree could not be 
rooted such that the ingroup was monophyletic. Only three major clades could 
be resolved in a strict consensus tree (Figure 2.1) and the- relationships among 
them were ambiguous. One of the resolved clades corresponds to the 
ulvophycean order, Caulerpales. A second clade was comprised primarily of 
the ulvophycean orders Ulvales and Ulotrichales, but also included a 
chlorophyte, Uronema, suggesting that the Ulvophyceae are not monophyletic. 
A third clade including the two pleurastrophycean genera, Pseudotrebouxia and 
Pfeurastrum, and the chlorophyte, Chlamydomonas. The relationships 
between the major clades, however, are unresolved by ambiguous 
relationships at the base of the tree.
The siphonous and siphonocladous ulvophycean orders (Dasycladales, 
Caulerpales, Siphonocladales [including the Cladophoralesj) did not form a 
monophyletic group, as suggested by O'Kelly and Foyd (1984) and Floyd and 































Figure 2.1. Strict consensus tree of 104 equally most parsimonious cladograms
(90 steps and Cl « 0.544) with Chara and Klebsormidium as outgroup taxa.
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ordinal level. The dasycladalean representative, Batophora, was unresolved at 
the base of the tree, although the majority of most parsimonious cladograms 
placed it at the base of the Caulerpales. The ulvophycean algae of the order 
Siphonocladales were unresolved at the base of the tree even though the 
majority of cladograms suggested they were a monophyletic group. Also 
unresolved at the base of the tree was the genus Trentepohlia. The majority of 
cladograms placed this genus as the most basal ingroup taxon.
Because of the unexpected placement of outgroup taxa in the previous 
results (i.e. inclusion of Klebsormidium  in the ingroup), the analysis was 
repeated with a single outgroup taxon. When Klebsormidium was used as the 
outgroup taxon, 342 equally parsimonious trees were obtained, each with 80 
steps and a  consistency index of 0.562 (Figure 2.2). Thus, less resolution was 
obtained. Three clades were resolved, each of which is consistent with the 
previous multiple outgroup analysis. The Caulerpales formed a  monophyletic 
group as did the pleurastrophytes with Chlamydomonas at their base (thus, the 
Chlorophyceae were not monophyletic). The ulvalean taxa, Ulva and 
Enteromorpha also formed a monophyletic group. However, the relationships 
between these clades and higher taxonomic groups was not resolved. The 
question of monophyly for the Ulvophyceae was not resolved because some 
trees supported it and others did not. It is worth noting, however, that the 
majority of the most parsimonious cladograms did support monophyly.
A third outgroup experiment was performed using Chara as  the single 
outgroup taxon. In this analysis, 48 equally parsimonious cladograms were 
obtained, each with a consistency index of 0.547 and requiring 86 steps. A 
strict consensus tree of these hypotheses is provided in Figure 2.3. The same 





























Figure 2.2. Strict consensus of 342 equally most parsimonious cladograms (60





























Figure 2.3. Strict consensus tree of 48 equally most parsimonious cladograms
(86 steps and Cl » 0.547) with Chara as the outgroup taxon.
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resolved using Chara. In addition, many more relationships among taxa in 
other parts of the tree were resolved. Some relationships inferred with Chara 
a s  the outgroup were consistent with relationships inferred with multiple 
outgroup taxa, others were not. In this analysis, the class Ulvophyceae was 
not monophyletic. A ctade containing the ulvophycean orders Ulotrichales,
UI vales and the chlorophycean genus Urortema was more closely related to a 
clade containing Chlamydomonas and the Pleurastrophyceae than the 
remaining ulvophycean taxa.
DISCUSSION
Three analyses were performed on this data set, each differing in the 
outgroup taxon (or taxa) used. Each analysis resulted in different hypotheses 
of relationships. When Klebsormidium was used as an outgroup, either alone 
or in combination with Chara, the analysis suggested that the Ulvophyceae 
may be monophyletic (but the results were highly ambiguous). With only Chara 
a s  the outgroup taxon, the Ulvophyceae are non-monophyletic with 
considerably more resolution. Both of these outgroup taxa are in the green 
algal class, Charophyceae, but they are obviously rooting the tree very 
differently, and, thus, supporting different ingroup relationships. Maddison et 
al. (1984) suggest that multiple outgroup taxa provide more robust information 
concerning ancestral states, and thus lead to better resolution of ingroup 
relationships than analyses with a  single outgroup taxon. Even so, results of 
this analysis indicate that the question of whether the Ulvophyceae is 
monophyletic is largely unresolved. Unfortunately, analyses of relationships 
between several representatives of ulvophycean orders, chlorophycean and
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pleurastrophycean genera have done no better (or worse) than the analyses by 
Mishler and Churchill (1985) and Bremer (1985). In addition, using other 
charophycean or micromonadophycean taxa as outgroups may provide insight 
into the appropriateness of one outgroup taxon over the other. The use of 
Chara as the sole outgroup taxon produces 48 equally most parsimonious trees 
as opposed to over 342 when Klebsormidium is used. Although finding fewer 
trees is no indication that the hypotheses are closer to the truth, it does indicate 
that Klebsormidium  creates more ambiguity among inferred relationships.
11 the analyses that suggest that the Ulvophyceae are non- 
monophyletic, characters supporting the affinity of the ulvophycean orders 
Ulvales and Ulotrichales with the Chlorophyceae and Pleurastrophyceae 
include: 1) presence of a  chloroplast that is parietal and non-fragmented, 2) the 
lack of siphonoxanthin pigment (independent of shade adapted forms), 3) lack 
of multinucleate vegetative condition, and 4) presence of a  rhizoplast. The 
strength of these characters for diagnosing phylogenetic groups may be 
strongly challenged.
First, chloroplast morphology, although consistent in form for "healthy 
individuals" within taxa, has been shown to vary when plants are under 
environmental stress (e.g. poor nutrients or adverse temperature or salinity 
conditions).
Second, the qualifying statement, "independent of shade adapted forms' 
is used because siphonoxanthin has been found in two species of Utva growing 
in deep water. Fawley et al.(1990), however, did not find siphonoxanthin in 
Ulva sp .t Enteromorpha clathrata or Ulothrix zonata. The character was coded
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as unknown in Ulva because of results by Fawley et al.(1990) indicating that 
the feature is variable at the generic level in Ulva.
Third, although the multinucleate condition is typical for the siphonous 
(Caulerpales and Dasycladales) and siphonocladous (Siphonocladales) orders 
of the Ulvophyceae, this condition is also found in the Ulotrichalean alga 
Acrosiphonia and in some chlorophycean algae not included in this analysis 
(e.g., Hydrodictyon)
Fourth, a  rhizoplast is found in the Ulvales, Acrosiphonia. and 
pleurastrophytes. Therefore, in the single outgroup {Chara) analysis, this 
character is homoplastic (Cl * 0.333) and the optimization of this character at 
the chlorophyte, pleurastrophyte, ulotrichalean, and ulvalean clade is arbitrary.
In the analyses that do suggest that the Ulvophyceae is a monophyletic 
group (sensu Mattox and Stewart 19B4, O'Kelly and Floyd 1984, Floyd and 
O'Kelly 1990) there is little character support that is not homoplastic. The 
primary character potentially diagnosing the Ulvophyceae is the lateral position 
of the centrioles relative to the spindle poles during mitosis. Although this 
appears to be diagnostic for the class, (given that the character Cl is 1.0, this 
character is unknown for the Caulerpales and Dasycladales). Nonetheless, this 
identifies one characteristic of green algae that deserves further investigation.
Given that these analyses cannot resolve the question of monophyly of 
the Ulvophyceae, it is worth noting which relationships are resolved. The 
ulvalean genera, Ulva and Entaromorpha are always resolved a s  a 
monophyletic group. This is not surprising given their gross morphological 
similarities. Ulva is a membranous sheet consisting of two cell layers. 
Entaromorpha is also partially a double cell layered membrane but, depending
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on the species, the layers are separated to form a tubular thallus.
Cytologically, they are both uninucleate, with a single cup-shaped or lamellate 
chloroplast and one to many pyrenoids. At the i 't  restructure I level, they are 
diagnosed by a bilobed terminal cap, associated with the proximal end of the 
upper basal body pair.
The Caulerpales are well resolved (5-6 steps) as  a monophyletic group 
in all of the analyses but some of the specific relationships vary slightly 
depending on the outgroup analysis. The clade is diagnosed in this analysis by 
possessing haplobiontic and diploid (Hd, Bold and Wynne 1985) life history 
type (also found in other algal groups), xylan cell wall components, and the 
pigment siphonein. Siphonein has also been tentatively reported for a subtidal 
ulotrichalean alga, Gomontia saccuiata based on preliminary chromatographic 
analysis (O'Kelly and Floyd 1984), but this has not been confirmed. Like 
siphonoxanthin, its presence is habitat dependent.
Hillis-Colinvaux (1984) reviewed the current state of knowledge for 
siphonous, predominantly marine green algae in the Caulerpales (cf. her 
Siphonales). She suggested that two lineages could be recognized in the 
Caulerpales. One, the suborder Halimedinae, is recognized by heteroplasty 
(possession of two plastid types, chloroplasts and leucoplasts), holocarpic 
reproduction, tropical distribution, presence of allelochemicals, xylan cell wall 
components, and no septations and the base of reproductive structures. The 
other suborder, the Bryopsidineae, are characterized by homoplasy, non- 
holocarpic reproduction, broad geographic range, generally no allelochemicals, 
mannan, xylan, or cellulose wall components, and the presence of septa at the 
base of reproductive structures. These two groups are resolved as 
monophyletic groups in the analysis using Chara a s  the outgroup taxon. The
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other two analyses resolve the Halimedineae as monophyletic, but the 
Bryopsidineae is a  paraphyletic grade at the base of this clade.
Another consistent feature among these analyses is the grouping of 
Chlamydomonas with the Pleurastrophyceae. This is consistent with results of 
a ciadistic analyses of green plants by Mishler and Churchill (1965) and Bremer
(1985). An inconsistent feature is that the Chlorophytes are not monophyletic, 
because Uronema, which like Chlamydomonas possesses the chlorophycean 
flagellar apparatus, is in a  clade with the Ulotrichales and Ulvales in some 
analyses. The grouping of Chlamydomonas and the Pleurastrophytes in this 
analysis and in the work of Mishler and Churchill (1985) and Bremer (1985) is 
diagnosed by a  collapsing interzonal mitotic spindle and the presence of a 
phycoplast. Mattox and Stewart (1984) also hypothesized that the 
Chlorophyceae and Pleurastrophyceae were sister taxa based on the shared 
presence of a phycoplast. The results of the present study do not support 
Sluiman's hypothesis that the Pleurastrophyceae should be considered an 
order of the Ulvophyceae, the Pleurastrales, based on the assumption that 
flagellar characteristics were more diagnostic of higher level relationships 
among the green algae (Sluiman 1989). In the present analysis there was no a 
priori assignment of greater weight to flagellar characteristics than to cell 
division characteristics. It is, perhaps, ironic that the character that potentially 
provides the best support for monophyly (although still not diagnostic) of the 
class is a feature of mitosis; the lateral position of centrioles relative to spindle 
poles. The counterclockwise rotation of basal bodies, used to diagnose the 
Ulvophyceae (including the Pleurastrophyceae), is symplesiomorphic for the 
Ulvophyceae and Pleurastrophyceae.
CHAPTER 3
PHYLOGENY OF THE ULVOPHYCEAE (CHLOROPHYTA): CLADISTIC 
ANALYSIS OF NUCLEAR ENCODED rRNA DATA1
A paper published in the Journal of Phycology, Volume 26,1990 




Recent hypotheses of phylogenetic relationships among the green algae 
have been based primarily on ultrastructural studies of the flagellar apparatus, 
mitosis, and cytokinesis (e.g. Stewart and Mattox 1978, Mattox and Stewart 
1984, O'Kelly and Floyd 1984a, van den Hoek et al. 1968). The class 
Ulvophyceae (Stewart and Mattox 1978) was erected to accommodate Ulva 
and related genera that possess a combination of ultrastructural characters 
distinct from those of the chlorophycean or charophycean lineages. In a  major 
summary of previous research and a significant revisionary classification of the 
Chlorophyta, Mattox and Stewart (1984) considered the Ulvophyceae, the 
Chlorophyceae, and the Pleurastrophyceae to be derived green algae whose 
motile cells possess a  cruciate flagellar root system. Within this group, the 
Ulvophyceae is considered primitive because motile cells display a counter­
clockwise absolute orientation of basal bodies and lack a  phycoplast in 
vegetative cell division.
O'Kelly and Floyd (1984b) summarized the available data and defined 
the Ulvophyceae on the basis of ultrastructural characters of the flagellar 
apparatus, mitosis, and cytokinesis. Although these characters could be used 
to define the Ulvophyceae, most are not unique to the class and are, therefore, 
not diagnostic by themselves (as O'Kelly and Floyd acknowledge). Similarly, 
Mishler and Churchill's (1985) cladistic analysis of the green algae and 
embryophytes found no autapomorphies (uniquely derived characters) to 
diagnose the class and thus, no support for monophyly.
Based on a variety of morphological, biochemical, and life history 
characters, O'Kelly and Floyd (1984b) diagnosed five orders within the
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Ulvophyceae, of which the Ulotrichales and Ulvales are primitive and the 
Siphonoctadales (including the Cladophorales), Caulerpales and Dasycladales 
are more derived. Also implied is that the Siphonocladales and Dasycladales 
are sister taxa. The polarity of these relationships is based largely on 
presumed evolutionary trends in the Ulvophyceae that include 1) a loss of 
quadriflagelfate motile cells and of some motile cell components, 2) orientation 
of basal bodies perpendicular to the long axis of the cell, 3) loss of an 
isomorphic life history, 4) a  tendency for increasingly complex reproductive 
structures, and 5) increasing structural and chemical organization of cell wall 
microfibrils.
More recently, Sluiman (1989) suggested that two other taxa should also 
be regarded as ulvophycean orders: the Trentepohliales (considered to be of 
uncertain affinity by O'Kelly and Floyd 1984b) and the Pleurastrales 
(recognized as a separate class, Pleurastrophyceae, by Mattox and Stewart 
1984). Sluiman's proposal unites essentially all taxa with a counter- clockwise 
absolute orientation of the flagellar apparatus into a  single class, and, in so 
doing, de-emphasizes the importance of cell division characters at the class 
level. Thus, Sluiman has diagnosed the class Ulvophyceae on flagellar 
characters, with the implication that some features of cell division (e.g. 
phycoplast and phragmoplast) are homoptastic (independently derived) within 
the green algae.
Despite agreement among some investigators that ultrastructural 
characters are important indicators of phylogeny and despite recent attempts to 
incorporate these data into cladistic classifications, the following questions 
remain unresolved: 1) Does counter-clockwise orientation of basal bodies 
diagnose the Ulvophyceae as a monophyletic group at the class level? 2) What
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are the orders to be assigned to the Ulvophyceae? 3) What are the 
relationships among those orders? 4) What is the relationship of the 
Ulvophyceae to other classes of green algae? This study addresses these 
questions through the use of nuclear encoded rRNA sequence analysis which 
is capable of recording large numbers of homologous characters for 
phylogenetic inference.
MATERIALS AND METHODS
Species used, their source, and the method of RNA extraction are listed 
in Table 3.1. Of 33 taxa used, 17 bracket the ulvophycean orders (sensu 
O'Kelly and Floyd 1984b, i.e. Ulotrichales, Ulvales, Dasycladales, Caulerpales, 
and the Siphonoctadales/Cladophorales (S/C) complex). Two representatives 
each of the Trentepohliales and Pleurastrophyceae (recently suggested to be 
ulvophycean by Sluiman 1989) were also included in the analysis. Five 
chlorophycean, one micromonadophycean, two charophycean, and two 
vascular plant taxa were included in the analysis to a ssess  the relationship of 
the Ulvophyceae to other classes of green algae and to provide a test of 
monophyly for the class. Published sequences for three taxa, Chlorelfa 
vulgaris (Huss and Sogin 1989), Glycine max (Eckenrode et al. 1985) and - 
Saccharomyces cerevisiae (Rubtsov et a). 1980, Mankin et al. 1986, Georgiev 
et al. 1981), were obtained from GENBANK.
Culture-grown and field-collected specimens were used in the study. Of 
the field material, only those plants appearing to be healthy, free of epiphytes,
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and actively growing were used. All field specimens were extensively washed 
in seawater to remove sediment and microscopic epiphytes. Plants were quick 
frozen in liquid nitrogen and stored at -80° C prior to nucleic acid extraction.
RNA extraction. Three different LiCI extraction protocols were used 
(depending on the species) to maximize yield of total RNA. Most taxa were 
extracted using a chloroform/phenol protocol (Method 1) modified after 
Coleman and Grossman (1984). Other taxa (e.g. Caulerpa and Batophora) 
required incubation with hot borate buffer and Proteinase K prior to extraction 
with LiCI (Hamby et al. 1988; Method 2). A third method (Su and Gibor 1988) 
was used for taxa containing high levels of polysaccharide (Spirogyra maxima). 
Modifications of the basic protocols were necessary to extract RNA from certain 
taxa. For example, extraction of Cymopoiia and Batophora RNA required the 
addition of polyvinylpyrrolidone (PVP 40) to the lysis buffer. Anadyomene and 
Microdictyon RNA required the use of Qiagen (Studio City, CA 91604) anion 
exchange cartridges to remove contaminating proteins or polysaccharides that 
were inhibitory to sequencing reactions. All RNA samples were 
spectrophotometrically quantified and brought to a  final concentration of 1 
mg*mL'1 with TE buffer (1mM Tris*HCI, pH 7.5, 0.1 mM EDTA). Integrity of 
rRNA was checked on agarose minigels and samples were stored at -20° C.







Anadyomene stellata (Wutfen) C. Ag. 
Chaetomorpha iinum  (O. F. Muller) Kutz.





Cfadophora albida (Hudson) Kutz. 
Microdictyon boergesenii Satchel! 
Cladophoropsis membranacaa (C. Ag.) Borg. 
Dictyosphaeha versiuysii Weber-van Bosse 
Blastophysa rhizopus Reinke 
Caulerpales
Caulerpa prolifera (Forssk.) J. Ag.
Halimeda discoidea Decaisne 
Udotea occidentafis A. et E. S. Gepp
Codium decorticatum  (Woodward) Howe 
Bryopsis plumosa (Hudson) C. Ag. 
Dasycladales
Batophora oerstedii J. Ag.
Cymopolia barbate (L.) Lamour.
Ulotrichales
Ulothrix zonata (Weber et Mohr) Kutz.
Ulvales
Ulva fasciata Delile 
Entaromorpha intestinalis (L.) Link 
Chlorophyceae
Uronema betkae Mattox et Bold 
Chlamydomonas eugametos Moewus 
Chlorogonium efongatum Dang. 
Atractomorpha echinata Hoffman 
Chlorella vulgaris Beij.
Pleurastrophyceae 
Pleurastrum terrestre Fritsch et John 
Pseudotrebouxia gigantea Hildreth et Ahmadj. 
Charophyceae
Klebsormidium flaccidum (Kutz.) Silva 
Spirogyra maxima (Hassall) Kutz.
M icromonadophyceae 











UTEX LB 2361 1c
UTEX LB 1417 1
Martinique 1








UTEX LB 745 1
Wrightsville, NC 1
UTEX LB 2272 1
UTEX 1179 1
UTEX 9 1
UTEX 11, MAB 1
LRH, MAB 1
GENBANK
UTEX 333, TSK 1
UTEX 2231, TSK 1
UTEX 321, DA, DW 1
RWH, DW 3
CCMP UA3, TSK 1






aAG*obtained from Arthur Grossman, Carnegie Inst, of Washington, Stanford. 
California; BR-local isolate maintained at Louisiana State Univ; CCMP-Culture
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Collection of Phytoflagellates, Bigelow Laboratory; OW -sequenced by Debra A. 
Waters, Louisiana State Univ; DA*sequenced by Darryl W. Avery, Louisiana 
State Univ; EAZ=unpublished data, Elizabeth A. Zimmer, Louisiana State Univ; 
GENBANK=published sequences in GENBANK. See text for citations; 
LRH>*culture obtained from Larry R. Hoffman, Univ. of Illinois;
MAB«unpublished data, Mark A. Buchheim, Louisiana State Univ; 
RWH^obtained from Robert W. Hoshaw, Univ. of Arizona; TSK«unpublished 
data, Thomas S. Kantz, Louisiana State Univ; UTEX«The Culture Collection of 
Algae at the University of Texas.
*>1 ^ extraction protocol modified after Coleman and Grossman (1984); 
2=extraction protocol of Hamby et al. (1988); 3-extraction protocol of Su and 
Gibor (1988).
c*Qiagen anion exchange cartridge used for RNA purification, 
dsextraction buffer contained 10% PVP 40.
Direct sequencing  of rRNA. Sequencing procedures using reverse 
transcriptase (isolated from avian myeloblastosis virus, Life Sciences, Inc.), 
oligonucleotide primers, and dideoxynucleotides are modifications of Youvan 
and Hearst (1981) and Qu et al. (1983) as described in detail by Hamby et al. 
(1988). Seven rRNA-specific oligonucleotide primers (16E, 18G, 18H, 18J,
18L, 26C and 26D, Hamby et al. 1988) complementary to conserved regions of 
the 18S and 26S rRNAs were annealed to partially sequence portions of the 
smalt and large rRNA subunits. These primers were selected because they 
represent sequences universally conserved across eucaryotes (Hamby et al. 
1988) and because they have been shown to be specific for nuclear-encoded 
rRNAs (Hamby and Zimmer 1986) and are currently being used in a  similar 
studies of vascular plant phylogeny in other laboratories. In addition, the 
distribution of the five 16S primers fascilitated sequencing of potentially 
universal, semi- conserved, and variable regions of the small subunit rRNA 
(Gray et al. 1984). Although the primary emphasis in this study was on 
sequences generated from the 18S rRNA, inclusion of the two 26S primers
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provided for the analysis of additional informative characters from a similar yet 
distinct molecule. Sequences of approximately 150-200 nucleotides were 
obtained from each primer, yielding roughly 1200 nucleotides per species. The 
sequenced region represents about 50% and 10% of the 18S and 26S rRNAs, 
respectively.
Computer-assisted sequence alignment. Sequences were read 
from autoradiographs and checked against published sequences of soybean 
(18s rRNA, Eckenrode et at. 1985) and rice (26s rRNA, Takaiwa et al. 1985). 
Differences observed between algal and published angiosperm sequences 
were confirmed on the autoradiograph. Alignment of sequences was facilitated 
by the GAP, LINEUP and PRETTY programs of the University of Wisconsin 
Genetics Computer Group (UWGCG) software package, version 6.1 (Devereux 
et al. 1984). Highly variable regions of the alignment were difficult to align with 
confidence and were excluded from further character analysis. The final 
alignment included about 880 putatively homologous base positions per taxon.
Phylogenetic Inference. From the alignment, 286 phylogenetically 
informative sites (variable sites with at least two taxa potentially sharing a 
derived base) were identified from approximately 860 aligned base positions. 
Gaps (insertions or deletions) were considered informative but counted only 
once if multiple contiguous base positions were involved. Because sequencing 
reactions with primer 26C for the Caulerpales, 26D for the Dasycladales and 
18E for the S/C complex were inhibited, and because sequences from primer 
18E for the Caulerpales were not alignable, data for these taxa were coded as 
missing in the character matrix. The data were analyzed with PAUP 
(Phylogenetic Analysis Using Parsimony, version 3.0g, Swofford 1989) using
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the MULPARS heuristic search option with tree bisection-reconnection branch 
swapping and with Hennig86 (version 1.5, Farris 1988) using mhennig* and 
bb*. Outgroup taxa for character state polarizations incfuded a diatom and a 
yeast. In addition, alternative phylogenetic hypotheses (O'Kelly and Floyd 
1984b, Sluiman 1989) were tested by enforcing topological constraints to 
reflect alternative hypotheses and comparing the change in number of 
evolutionary steps (nucleotide changes).
RESULTS
The cladogram s. Cladistic analysis of rRNA sequence data resulted 
in six equally supported and fully resolved phylogenetic hypotheses, each with 
a total length of 1036 steps and a  consistency index of 0.53 (Figure 3.1a-f). 
The six cladograms differ in four respects: the relationships between 1) 
Chtorelta and Atractomorpha, 2) Cladophoropsis and portions of the 
Siphonocladales/ Cladophoraies (S/C) complex, 3) Blastophysa and the 
Trentepohliales, and 4) the Dasycladales and the remaining siphonous and 
siphonocladous ulvophycean orders. In a strict consensus tree (Figure 3.2), 
the siphonous and siphonocladous ulvophycean orders (i.e. the Caulerpales, 
Dasycladales and S/C complex) form a monophyletic group. Each of the 
orders are represented by distinct clades but the relationships among these 
orders are ambiguous. Two of the six hypotheses (Figure 3.1e, f) suggest that 
the Dasycladales and Caulerpales are sister taxa, but in the remaining 
cladograms the S/C complex and Caulerpales are sister taxa. In addition, the 
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Figure 3.1 a  and b. Two of six equally most parsimonious cladograms based on
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Figure 3.1 e and f. Two of six equally most parsimonious cladograms based on




















































Figure 3.2. Strict consensus tree of six equally most parsimonious cladograms 
based on rRNA sequence data.
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siphonocladous Ulvophyceae. The S/C complex, Caulerpales, Dasycladales 
and Trentepohliales, however, are separated from the remaining ulvophycean 
orders, Ulvates and Ulolrichales, by representatives of the Chlorophyceae and 
Pleurastrophyceae. Thus, this analysis does not support monophyly of the 
Ulvophyceae.
It should be noted that the groups of chlorophycean taxa, 
pleurastrophycean taxa and the clade of ulvophycean orders Ulotrichales and 
Ulvales are each resolved by few evolutionary steps (minimum branch length, 
mbl = 2 ,1 , and 4, respectively) and may be subject to rearrangement by taxon 
and character sampling. In contrast, branches supporting the siphonous and 
siphonocladous ulvophycean orders (i.e. the S/C complex, mbl * 9 to 14 steps; 
the Caulerpales. mbl = 13 to 16 steps; and the Dasycladales, mbl = 11 to 23 
steps) and the Trentepohliales (mbl = 7 to 10 steps) are resolved by a  larger 
number of evolutionary steps. Within this group the S/C complex forms a 
monophyletic group, but the placement of Cladophoropsis is ambiguous among 
the six cladograms. This genus is either basal within the Cladophora and 
Chaetomorpha clade (Figs. 3.1b,d, f), or is, along with Dictyosphaeha, a  grade 
at the base of the S/C complex (Figs. 3.1a, c, e). Another clade including 
Anadyomene and Microdictyon is the sister group to the Cladophora and 
Chaetomorpha clade.
Forced tree topologies. A tree topology consistent with O'Kelly and 
Floyd's (1984b) concept of the Ulvophyceae was tested. The resulting 
phylogeny required nine additional steps. However, to simply move the Ulvales 
and Ulotrichales to the base of the siphonous and siphonocladous ulvophycean 
clade without specifying the S/C complex and Dasycladales as sister taxa 
(sensu O'Kelly and Floyd 1984b) required seven additional steps.
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Since specific phylogenetic relationships among orders were not implied 
in his paper, Sluiman's (1989) concept of the Ulvophyceae was difficult to 
a ssess  by forcing tree topologies. In addition, since representatives of the 
Ctenocladales and Acrosiphoniales were not included in this analysis it may be 
taxon-biased. However, given the set of taxa in the current study, a tree 
topology consistent with Sluiman's hypothesis of the Ulvophyceae that includes 
the Trentepohliales and Pleurastrophyceae required seven extra steps over the 
most parsimonious cladograms.
The positions of Atractomorpha, Blastophysa and Chlorella on the most 
parsimonious cladograms are inconsistent with some hypotheses and 
prompted additional experiments with forced tree topologies. For instance, to 
place Atractomorpha and Chlorella in a monophyletic group with the remaining 
Chlorophyceae required six additional steps. To place Blastophysa with the 
S/C complex, as  suggested by O'Kelly and Floyd (1984b) required 15 additional 
steps.
DISCUSSION
The phylogenetic hypotheses we infer from cladistic analysis of 18S and 
26S rRNA sequence data are generally consistent with the broader concept of 
the Mattox and Stewart (1964) classification but inconsistent with current 
concepts of a  monophyletic class Ulvophyceae sensu Mattox and Stewart 
(1984), O'Kelly and Floyd (1984b), and Sluiman (1989). These results are 
supported by forced tree topologies that require increased levels of homoplasy
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within the data set. According to this analysis, the siphonous and 
siphonocladous algae are more closely related to the Chlorophyceae and 
Pleurastrophyceae than they are to the ulvophycean orders Ulvales and 
Ulotrichales. Sluiman's (1989) concept of the Ulvophyceae based on the union 
of all taxa possessing a counter-clockwise absolute orientation of basal bodies 
(and the implicit reduction of the importance of cell division characters) is not 
supported. The inclusion of taxa with both clockwise (Chlorophyceae) and 
directly opposed (Atractomorpha) orientation of basal bodies within a larger 
group possessing the counter-clockwise arrangement suggests that the 
counter-clockwise orientation does not diagnose a monophyletic group.
Instead, the counter-clockwise orientation may be a symplesiomorphy (shared 
primitive character) for the Ulvophyceae and Pleurastrophyceae. The 
clockwise arrangement of basal bodies, however, is inferred to be derived and 
diagnoses a monophyletic subset of chlorophycean taxa (Chlamydomonas, 
Chtorogonium, and Uronema). These inferences are consistent with a cladistic 
analysis of non-molecular data by Mishler and Churchill (1985) who suggest 
that the Ulvophyceae are defined primarily by symplesiomorphic characters 
and that evidence to support monophyly of the class is lacking. Although the 
present study is a preliminary examination of the Ulvophyceae sensu Mattox 
and Stewart (1984), our analyses of molecular data suggest it is not a  natural 
taxonomic group. Corroboration between the results of this study and the 
results from cladistic analysis of an independent non-molecuiar data set 
(Mishler and Churchill 1985) provides additional evidence against monophyly of 
the Ulvophyceae. Moreover, the results of these studies underline the need for 
algal systematists to use explicit cladistic methodology to infer phytogenies as 
opposed to grouping taxa based on overall similarity (see Theriot 1989).
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Ordinal designations within the monophyletic group of siphonous and 
siphonocladous orders are, with few exceptions, congruent with current 
hypotheses of relationships based on ultrastructure and morphology. Within 
the S/C complex, taxa generally fall within current family designations (sensu 
O'Kelly and Floyd 1984b). For example, three of the six most parsimonious 
cladograms (Figs. 3.1a, c, d) support monophyly of genera formerly placed in 
the Cladophorales: the Anadyomenaceae is represented by a clade containing 
Anadyomene and Microdictyon and the Cladophoraceae by the Cladophora 
and Chaetomorpha clade. The base of the S/C clade is formed by two genera 
from the Siphonocladales (sensu Bold and Wynne 1985, Wynne 1986), 
Dictyosphaeria and (in three of the most parsimonious cladograms. Figs. 3.1a, 
c, d) Cladophoropsis. This result supports the concept, based on non- 
molecular characters, that the Siphonocladales and Cladophorales are closely 
related (Feldmann 1938, O'Kelly and Floyd 1984b, van den Hoek 1984).
This analysis of rRNA sequences is consistent with Hillis- Colinvaux's 
(1984) proposal for the Caulerpales (cf. her Bryopsidales). In her study and in 
the present analysis, there are two lineages (suborders). The Bryopsidineae is 
composed of Bryopsis and Codium, and the Halimedineae contains Halimeda, 
Caulerpa, and Udotea. Specific relationships among taxa in the latter group, 
however, are not congruent. Hillis-Colinvaux (1984, see  also O'Kelly and Floyd 
1984b) suggested that lineages containing Udotea and Halimeda are sister 
groups and that a group including Caulerpa is more primitive. However, our 
inference is that Caulerpa and Halimeda are more closely related than either is 
to Udotea. Stability of these relationships, however, must withstand addition of 
related taxa to the analysis.
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Although the affinity of the Dasycladales to the Ulvophyceae is generally 
accepted (O'Kelly and Floyd 1984b, Roberts 1984), Herth et al. (1981) 
suggested that Acetabufaria possesses ultrastructural features that are 
intermediate between the Chlorophyceae and the Ulvophyceae. The flagellar 
apparatus in gam etes of Acetabufaria and Batophora is characterized by a 
broad, striated connective between capping plate halves that is considered to 
be similar to the multistriated connective between basal bodies in motile cells of 
the Chlorophyceae. Therefore, the position of Cymopolia and Batophora at the 
base of the siphonous and siphonocladous ulvophycean clade in four of the six 
cladograms (Figs. 3.ia-d) may reflect the retention of symplesiomorphic 
character states also found in the Chlorophyceae. Although O'Kelly and Floyd 
(1984b) maintain that the Dasycladales is an isolated group within the 
Ulvophyceae, they also suggest this order is the sister group to the S/C 
complex. Their conclusion was based primarily on a  flattening of the flagellar 
apparatus and features of the striated distal fiber. Given the incongruence of 
these non-molecular characters with the rRNA based phylogenies, and given 
the ambiguous relationships inferred from rRNA sequences, more study and 
analysis is needed to resolve the relationship of the Dasycladales to the other 
siphonous and siphonocladous Ulvophyceae.
The phylogenetic affinity of the Trentepohliales has long been 
controversial. Recently, several investigators (Chapman 1984, Roberts 1984, 
Chapman et al. 1989, Sluiman 1989) have suggested that the group is more 
closely related to the Ulvophyceae than to the Charophyceae, and this is 
consistent with the present study. However, the inclusion of Blastophysa at the 
base of the Trentepohliales clade (Trentepohlia and Cephafeuros) in four of the 
six cladograms (Figs. 3.1a-d) is problematic. Blastophysa has been suggested
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to be a member of the S/C complex (O'Kelly and Floyd 1984b) but Fawley et al. 
(1990) has shown that the molecular weight of the light harvesting pigment 
protein complex is more similar to that of the Caulerpales than to the S/C 
complex. Fawley et al. (1990) suggested that Blastophysa may represent an 
intermediate taxon between the S/C complex and the Caulerpales. Clearly, 
neither of these hypotheses is supported in the present study, and analysis of 
other representatives from the Chaetosiphonaceae is needed.
An unexpected result of our analysis is the position of Atractomorpha 
and Chlorella at the base of the clade containing the S/C complex, Caulerpales, 
Dasycladales, and Trentepohliales, and, therefore, not as part of a 
monophyletic group with the remaining chlorophycean taxa. This phylogeny is 
problematic since ultrastructural features support their chlorophycean affinity 
(Mattox and Stewart 1984). Although these relationships are not strongly 
supported by rRNA data, it is interesting, and perhaps not too surprising, that 
these chlorophycean taxa that lack a clockwise orientation of flagellar 
apparatus basal bodies (Atractomorpha has directly opposed basal bodies and 
Chlorella lacks flagellated cells) are separate from the remaining 
Chlorophyceae that possess this feature. The position of Chlorella is 
reminiscent of Blackman's (1900) suggestion that the Chlorococcales gave rise 
to the siphonous marine green algae. In addition, recent proposals (Hoffman 
1983, Mattox and Stewart 1984, Buchheim and Hoffman 1986) of possible 
affinities between the Sphaeropleales (e.g. Atractomorpha) and some 
members of the Chlorococcales are supported.
The position of the Pleurastrophyceae as the sister group to the 
chlorophycean taxa with clockwise orientation of basal bodies is consonant with 
cladistic analyses of non-molecular data (Mishler and Churchill 1985) and does
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not support Sluiman's (1969) proposal of the order Pleurastrales within the 
Ulvophyceae. A more complete analysis of this group has been completed 
(Kantz and Chapman 1990) and supports our inference.
Although the Ulvophyceae is not monophyletic, relationships among 
classes of green algae in this analysis are in many respects consistent with 
those proposed by Mattox and Stewart (1964). Our data suggest that the 
Chlorophyceae (possessing clockwise basal bodies) and Pleurastophyceae are 
sister groups. This clade, in turn, is the sister group of the siphonous and 
siphonocladous Ulvophyceae, and the basal group is the Charophyceae and 
vascular plants. It would be premature to suggest the taxonomic rank of these 
clades in a phylogenetic classification scheme; however, studies being done in 
our laboratory and others eventually will provide the additional information 
needed to approach a natural classification. To achieve this goal for taxa 
assigned to the Ulvophyceae, we are focusing on particular lineages in the 
phytogeny. Specifically, the relationships among the siphonous and 
siphonocladous ulvophycean orders may be resolved through alternatve 
sequencing methods (such as PCR amplification and DNA sequencing with 
new and/or modified primers) that would provide sequences not obtainable by 
current methods. Also, analysis of one or two additional representatives from 
the Dasycladales may be useful in resolving these relationships. Relationships 
among and between groups basal to the siphonous Ulvophyceae, which are 
interesting but lack robust support, such as the Trentepohliales and 
Blastophysa and the chlorophycean taxa Atractomorpha and Chlorella, may be 
resolved by addition of related taxa to the analysis.
If the goal of algal sytematics is to construct natural classifications based 
on monophyletic groups, explicit methods grounded in phylogenetic
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systematics are required (see Theriot 1989). A complete synthesis of green 
algal phylogeny must include all of the available data, including molecular, 
biochemical and ultrastructural characters a s  well as  features of life history and 
gross morpholgy. For such a synthesis, the development of a complete data 
matrix is a major challenge. We hope that our ongoing cladistic analysis of an 
independent non-molecular data set, analyzed separately and in combination 
with molecular data, will help resolve ambiguous relationships within the 
Ulvophyceae and contribute to a major synthesis and natural classification.
CHAPTER 4
RIBOSOMAL RNA GENES AND A PHYLOGENY FOR THE ULVOPHYCEAE: 




The preceding chapter (Zechman et al. 1990) represents a first look at 
the phytogeny of the ulvophycean green algae inferred from molecular data. 
Although the work contributes substantial new character data for these diverse 
algal genera, more work was necessary to resolve ambiguous relationships. 
This resolution may be accomplished through discovery of additional 
synapomorphy and undetected homoplasy by adding taxa and/ or by adding 
different kinds of data to the existing data set. In addition, by more rigorously 
exploring the data to measure robustness of the inferred pattern, one can 
better a ssess  the relative support for a given hypothesis.
Direct reverse transcriptase-mediated ribosomal RNA sequencing has 
provided a considerable increase in the amount of comparative character data 
available not only for the ulvophycean green algae but for the green algae in 
general (see Chapman and Buchheim [1991] for a  recent review and related 
references). The use of this molecule for inferring phytogenies has received 
considerable attention over the past five years. Even so, techniques in 
molecular biology are advancing rapidly as are the methods for gathering 
character data for phytogeny reconstruction. Probably one of the most 
important advances in molecular biology has been the invention and 
automation of the Polymerase Chain Reaction (PCR; Mullis and Faloona 1987). 
PCR is an in vitro method for amplifying quantities of a specific target gene for 
direct sequencing. Cloning methods can be complemented or avoided 
altogether by the use of PCR.
PCR is an enzymatic reaction that uses two oligonucleotide primers that 




Figure 4.1. Amplification of target DNA sequence by the Polymerase Chain Reaction
$
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primers are oriented with their 3' ends pointing toward each other and their 5* 
ends delimit the ends of the segment that is amplified. The template ONA is 
heated to denature the strands, the primers are annealed and the sequence is 
extended by a  ONA polymerase. Because the amount of DNA is doubled at 
each cycle, and the DNA strands amplified in previous cycles serve as the 
templates for subsequent reactions, the result is an exponential growth of the 
target sequence, up to several million fold in a few hours. Initially, the reactions 
were carried out with a DNA polymerase from E. cofi which was inactivated by 
heating during the denaturation step and required the addition of more enzyme 
at each repeat of the cycle. The process can now be automated by using a 
heat stable DNA polymerase from Thermus aquaticus, a  bacterium which 
inhabits thermal vents, and a computerized thermal cycler.
Because of the rapidly advancing techniques that became available 
during this study, the methods used were changed from direct reverse 
transcriptase mediated rRNA sequencing techniques to sequencing of PCR 
amplified rDNA. Several advantages of PCR and DNA sequencing warranted 
this methodological change. First, only smaller amounts of starting plant 
material were used because the amount of template DNA required for PCR is 
very small. This eliminated the need to grow large quantities of plant material 
in culture. This was particularly helpful because many algal taxa are difficult to 
grow in culture. Second, sequencing gels produced from DNA sequencing 
techniques were consistently more readable than gels from sequencing RNA 
template. This quality enhancement allowed more sequence to be read from a 
single get with fewer ambiguous nucleotide sites. Thus, the amount of 
character data produced from each sequencing reaction was increased.
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Seven additional taxa sequenced in this phase of the project included 
those that were either from clades initially represented poorly and/or those that 
were unresolved. For example, in the previous chapter, the relationships 
among the Dasycladales, Siphonocladales, and the Caulerpales were not 
resolved, the Dasycladales was either basal to a Caulerpales and 
Siphonocladales clade or it was the sister group to the Caulerpales. Taxa from 
all of these orders (particularly the Siphonocladales, which are weakly resolved 
internally), were added to produce more character support for one or the other 
hypothesis. In addition, the question of monophyly for the Ulvophyceae must 
be addressed at the base of the tree where the divergence between the 
ulotrichalean and ulvalean ulvophytes, the chlorophycean and 
pleurastrophycean clade, and the siphonous and siphonocladous ulvophytes 
occurs. Resolution in this part of the cladogram was weak, and it was hoped 
that the addition of taxa from the Ulotrichales and Ulvales might not only help 
resolve these relationships, but also allow inference of relationships among 
critical taxa within some groups as well (e.g., the relationship of Acrosiphonia to 
the Ulotrichales).
MATERIALS AND METHODS
Taxon sam pling. Species were included in this study to provide a 
balanced array of taxa from the major subdivisions (i.e., orders and families) 
within the class Ulvophyceae. Of the 40 taxa analyzed, 24 taxa bracket the 
ulvophycean orders (sensu O'Kelly and Floyd 1984b) Dasycladales, 
Caulerpales, Siphonocladales (including the Cladophorales, previously 
referred to as the S/C complex, Ulvales, and Ulotrichales (which includes the
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Acrosiphoniales). Two representatives each of the Trentepohliales and 
Pleurastrophyceae (recently suggested to be ulvophycean by Sluiman [1989]) 
were included in the analysis. Five chlorophycean, one micromonadophycean, 
two charophycean and two vascular plant taxa were used to assess the 
relationship(s) of ulvophycean taxa to other classes of green algae and to 
provide a test of monophyly for the class Ulvophyceae. Published sequences 
for three taxa, Chlorella vulgaris (Huss and Sogin 1989), Glycine max 
(Eckenrode et al. 1985) and Saccharomyces cerevisiae (Rubtsov et al. 1980, 
Georgiev et at. 1981, Mankin et al. 1986), were obtained from GENBANK. The 
additional taxa used in this study (beyond those analyzed in Chapter 3) and 
their source are listed in Table 4.1.
Table 4.1. Additional taxa (beyond those used in the previous chapter) which 
were used in this study, their source and type of nucleic acid extraction.
SPECIES ORDER SOURCE
Rhipilia tomentosa CAULERPALES JSLII-1836
Penicillus dumetosus CAULERPALES Long Key
Derbesia tenuissima CAULERPALES UTEX, LB2394
Neomeris annulata DASYCLADALES 89-07-02-1
Rhizocionium  sp. SIPHONOCLADALES UTEX, LB1523
Ulvaria oxysperma ULVALES DFK
Acrosiphonia sp. ULOTRICHALES SAG, 127.80
DFK a  culture donated by Dr. D. F. Kapraun, University of North Carolina at 
Wilmington
JSLI11836 * Johnson Sea Link submersible collected at Diamond Rock off 
Island of Martinique, 211 feet, July, 1989.
Long Key = Long Key, FL, Florida Keys, March 28, 1986 
89-07-02-1 * SCUBA dive, Martinique, July 2, 1989 
SAG * Sammlung von Algenkulturen Gottingen.
UTEX = Culture Collection at the University of Texas at Austin.
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Collection of plant material. Both culture-grown and field collected 
specimens were used (see Tables 3.1 and 4.1). Usually, specimens were 
acquired from culture collections (i.e. The Culture Collection of Algae al the 
University of Texas at Austin [UTEX] and Sammlung von Algenkulturen 
Gdttingen [SAG]) whenever possible. In other instances, particularly with 
macroscopic marine algae, cultured specimens were not available and had to 
be collected in the field. Plants were collected by using snorkel, SCUBA, and 
Johnson S ea Link submersible from a variety of locations. All field specimens 
were washed extensively in seawater to remove sediment and microscopic 
epiphytes. Plants were quick-frozen in liquid nitrogen and stored at *80° C 
prior to nucleic acid extraction.
Aboard ship, two 30-liter dewers of liquid nitrogen were maintained, one 
of which was to be used only if the primary storage dewer needed refilling. 
Cleaned plant material was wrapped with a paper label in perforated filter 
paper, the ends of which were folded over and stapled. To avoid using 
excessive amounts of liquid nitrogen on initial freezing, the packets were 
lowered into the dewer by a cotton string rather than pouring liquid nitrogen into 
smaller vessels which would allow more evaporation. Once frozen, the packets 
were retrieved, wrapped in pre-labeled sheets of aluminum foil or placed in 
serum vials and returned to storage compartments in the dewer. This method 
was very effective for maintaining adequate amounts of liquid nitrogen for about 
thirty days of ship time. Samples were shipped back to the laboratory on dry 
ice where they were stored until nucleic acid extraction.
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DNA •xtraction. Several DNA extraction methods were used to 
obtain template DNA for amplification of rRNA genes by the Polymerase Chain 
Reaction. Initially, DNA was collected as a by-product of the RNA extractions 
outlined previously (Chapter 3). That is, the supernatant resulting after 
precipitation of RNA by LiCI contained DNA, which could then be isolated by 
ethanol precipitation. This type of DNA isolation was not possible, however, 
with the hot borate method of Hamby et al. (1988) because aqueous buffer 
components also precipitated with ethanol. More direct methods of DNA 
isolation were also employed. Because PCR amplifications require very little 
template DNA as starting material (as little as  single fungal spores, Lee and 
Taylor 1990), preparations were scaled down and performed in 1.5 ml 
Eppendorf tubes and thus required much less phenol and chloroform, so that 
exposure to toxic substances was minimized. In general, the protocol outlined 
in Lee and Taylor (1990) was the primary method of DNA extraction, although 
slight modifications (e.g., the addition of 2% CTAB to the extraction buffer) 
were sometimes incorporated. A new method for DNA extraction utilizing 
Chelex 100 resin (Biorad, Richmond CA 94804) was also used. This method 
was particularly rapid and did not require the use of chloroform and phenol.
PCR. In general, specifics of PCR protocols varied considerably over 
species, because the technique often did not work on the first attempts. 
Although PCR was attempted on a large number of taxa, the number of taxa for 
which the technique was successful was relatively small. The methods were 
usually modified to eliminate multiple amplification products, usually by 
creating a more stringent PCR reaction (e.g., reduced amount of primer, 
template, dNTP's, or reaction cycles and/or increased annealing temperature
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during thermal cycling). In general a 100pl reaction mixture to obtain double 
stranded PCR product of 18s rRNA gene included 2\i\ of each primer (10pM), 
10pl of dNTP mix (1mM each dNTP) 5pl MgCl2  (10mM), 0.5pl (2.5 units) of
Tag polymerase (Perkin Elmer Cetus), and ca. 0.1 to 0.2pg of genomic DNA in 
a 0.5 mi Eppendorf tube. The reactions were overlaid with ca. 100pl of mineral 
oil prior to thermal cycling to reduce evaporation. Reaction mixtures for 
obtaining single stranded PCR product generally were those of Kaltenboek et 
al. (1992), wherein the single stranded product was obtained by a  second 
reaction mixture with one primer in excess and double stranded product 
obtained in the first reaction as the template.
Thermal cycling was initiated by denaturation at 93° C (3 minutes), 
followed by annealing at 51-53° C (1 minute), and extension at 72° C (1.5-2 
minutes) repeated for 25-30 cycles. Subsequent cycles differed from the initial 
one by a shortened denaturation time (1 minute) and a  longer extention time (5 
seconds longer) each cycle for the last 5-10 cycles.
DNA sequencing . Dideoxynucleotide chain termination sequencing 
was performed with Sequenase version 2.0 (USB) sequencing kit. Single 
stranded PCR product was sequenced using the protocols in the Sequenase 
kit. Double stranded DNA sequencing was performed with methods similar to 
those outlined by Casanova et al. (1990). A mixture of dsDNA, reaction buffer 
and primer in a 0.5 ml Eppendorf tube was heated in a boiling water bath for 7 
minutes. The reaction mixture was immediately placed in a slurry of ice and 
water. Presumably, quick-cooling of the reaction mixture allows the smaller 
primer oligonucleotide to anneal to the complementary sequence before the 
two template DNA strands could reanneal. From this point on, double stranded 
sequencing reactions were the same as those for single stranded DNA.
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Sequence alignment. Methods of sequence alignment were outlined 
in the previous chapter.
Character data. The ribosomal RNA gene sequences for 40 green 
algal, land plant, yeast and diatom taxa, including those discussed in the 
preceding chapter, were analyzed to infer phylogenetic relationships among the 
Ulvophyceae and their relationships with the remaining green algae. Of the 40 
taxa studied, 3B are green plants: 24 Ulvophyceae {sensu O'Kelly and Floyd 
1984), five Chlorophyceae, two Pleurastrophyceae, two Charophyceae, one 
Micromonadophyceae, one Equisetaceae, and one Fabaceae. In addition, two 
non-green plant taxa were included: one Baccillariophyceae (diatom), and one 
Ascomycetes (yeast).
Phylogenetic analysis. The complete alignment was transferred 
from the VAX computer to a Macintosh computer and edited for execution in 
PAUP (Phylogenetic Analysis Using Parsimony, version 3.0q, Swofford 1989). 
The data were analyzed on a Macintosh llfx computer using the heuristic 
search option with tree bisection-reconnection branch swapping. The data 
could then be exported from the Macintosh to DOS format via Apple file 
exchange utilities resulting in a data file readable with Hennig86 (version 1.5, 
Farris 1988). Hennig86 is DOS based software and was used on an 80486 AT 
computer with mhennig* and bb* program options. Outgroup taxa included a 
diatom (Phaeodactylum), a yeast {Saccharomyces), a  micromonadophycean 
green alga (Pedinomonas minutissima), two charophycean algae 
(Klebsormidium flaccidum and Spirogyra maxima), and two land plants (Gfycine 
max and Equisetum  sp.).
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Bootstrap analysis. The bootstrap analysis (Felsenstein 1985) is 
often used as a measure of relative support for nodes in a cladogram. The 
bootstrap is a procedure in which characters are randomly selected with 
replacement. The result is that some characters are represented one or more 
times but others are not used at all. Once the new data set is constructed, it is 
analyzed with a tree building program, such as  PAUP. This procedure is 
repeated a several times and minimal length trees are identified at each cycle. 
The frequency of identical monophyletic groups over all replicates may then be 
calculated. Felsenstein (1985) suggests that a clade should be identified in 95 
out of 100 bootstrap replications to be considered statistically significant 
(although this suggestion is the subject of current controversy [Sanderson 
1989]).
Decay index. The Decay Index (Dl; Mishler et al. 1991, Donoghue et 
al. 1992), is another analysis which measures the amount of character support 
for a node. Unlike bootstrap and randomization techniques, the Decay Index is 
a value inferred from all of the actual data. The Decay Index is a  value 
assigned to each branch equal to the number of extra steps required to 
collapse a  branch to ambiguous polychotomy in a strict consensus. In 
essence, this index reveals the effect of sequentially relaxing parsimony. In 
practice, the Decay Index was determined by retaining all trees up to 5 steps 
longer than the most parsimonious cladogram using PAUP's heuristic search 
option with tree bissection-reconnection branch swapping. PAUP's Filter Trees 
option was then used to identified populations of trees one, two, three, etc. 
steps longer than the most parsimonious tree. For instance, if a  branch 
'survived" in a strict consensus of all trees found up to five steps longer than 
the most parsimonious cladogram, that branch had a Dl of £  6. Similarly, if the
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node survived a consensus of all trees up to one step longer, but not the 
analysis including all trees two steps longer, the branch had a Dl of 2.
Randomized data. The data were analyzed with Archie's (1989a) 
randomization programs ("Randomize1 and "Sumpaup") to test the relative 
"informativeness" of the data, that is, to test whether the observed data differ 
from randomly generated data. The frequency of each of the character states 
is determined. The states of each character then are randomly redistributed 
among the taxa, retaining the original frequency of each state. Unfortunately, 
the PC version of PAUP (version 2.4, the companion program to Archie's 
"Randomize" and "Sumpaup* programs available from Jam es Archie) would 
only allow a data set with 34 taxa and 180 characters. Therefore, the 
characters containing the largest number of unknown states (mainly the 18E, 
26C, and 26D primer sequences) and four Siphonocladalean taxa, known from 
previous analyses to be responsible for creating large numbers of alternative 
trees were excluded. The procedure was repeated 100 times to generate 100 
randomized data sets. For each one, the shortest tree length was determined. 
These programs also allow for the calculation of the Homoplasy Excess Ratio, 
a tree statistic which, like the Cl, is a  measure of relative homoplasy in a data 
set. Archie (1969b) suggests that the HER has qualities, such as ranging from 
0.0 to 1.0, and comparability between different data sets, which the Cl does not 
possess.
Testing outgroups. The stability of ingroup relationships was tested 
by outgroup substitutions (Donoghue and Cantino 1984, and Maddison et al. 
1984). The previously described analyses in preceding chapters were based 
primarily on simultaneous assessm ent of ingroup and outgroup relationships, 
(i.e., global parsimony). Therefore, the globally determined position of the
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outgroup node on the ingroup network is critical in determining ingroup 
relationships.
Four taxon te s ts . Evolutionary and transversion parsimony, in 
conjunction with maximum parsimony, were performed with different 
combinations of four taxa. The four taxa used corresponded to species that 
were assigned to one of four groups: 1) a chlorophyte group, 2) a siphonous / 
siphonocladous ulvophyte group. 3) a  ulotrichalean / ulvalean ulvophyte group, 
and 4) a  charophyte / land plant group. A total of 432 different combinations of 
four taxa was examined to assess the relative support for each of the three 
possible unrooted tree topologies (with each of the four groups representing 
terminal taxa). The relative support for each topology is assessed  by 
measuring the relative amount of character support along the central branch.
Other taxon or character sampling experiments were performed. These 
included the analysis of SSU data alone, only two state and three state 
characters, and deletion (pseudo-extinction) of taxa.
RESULTS
Approximately 2400 nucleotide sites were aligned (Appendix C); 1750 
from the small subunit rRNA gene and 650 from the large subunit of 40 taxa. 
Approximately one third of the length of these alignments, however, is from 
longer DNA sequences that extended up to 100-150 bases beyond the RNA 
based data. These overhang regions, as  well as  hypervariable regions that 
could not be aligned with confidence, were excluded from the analysis. Basic
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features of the sequence data compared among green plant taxa are listed for 
each primer (Table 4.2, Figure 4.2). Of 975 total sites compared (relative to 
881 in the rRNA data set), 724 and 251 are from the SSU and LSU, 
respectively. Half of the total sites were constant among all of the taxa (486 
were invariant and 489 were variable). Of the variable positions, 35.4% are 
transitions, 24.7% transversion (1.43:1 transition to transversion ratio) and 39.9 
% were multiple hits (or muttistate), meaning that at least three bases were 
represented at that base position. Of the 489 variable positions, 293 (60%) 
were phylogeneticaily informative (variable sites with at least two taxa 
potentially sharing a  derived base). Basic features of the phylogeneticaily 
informative sites are listed for each primer in Table 4.3 and Figure 4.3. Of the 
phylogeneticaily informative sites, 31.3% were transitions, 14.1% transversions 
(ca. 2:1 transition to transversion ratio), and 54.6% were multiple hits. The 
remaining variable sites were autapomorphies.
Table 4.2. Numbers of each nucleotide substitution type listed by primer 













18E 28 18 26 72 75 147
1SG 28 22 20 70 72 142
18H 31 25 31 87 63 150
18J 33 18 33 84 80 164
16L 17 17 33 67 54 121
26C 22 12 14 46 94 142
260 14 9 36 61 48 109
TOTAL 173 121 195 489 486 975
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Figure 4.2. Numbers of each nucleotide substitution type listed by primer among 
all green plant taxa
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Table 4.3. Numbers of each nucleotide substitution type listed by primer 















18E 10 3 19 32 75 147
180 11 6 15 32 72 142
18H 17 11 23 51 63 150
18J 22 8 27 57 80 164
18L 9 5 30 44 54 121
26C 11 4 9 24 94 142
280 11 4 38 53 48 109
TOTAL 91 41 161 293 486 975
PERCENT 31.1% 13.9% 55% 30.1% 49.9% 100%
The cladograms. Cladistic analysis of rRNA and rDNA sequence 
data with a diatom and yeast as outgroup taxa resulted in 72 equally supported 
and fully resolvable phylogenetic hypotheses, each with a total length of 1076 
steps and a consistency index of 0.515 (see Figure 4.4 for a strict consensus 
tree). Both Hennig86 and PAUP found the sam e set of 72 trees. The most 
basal ingroup taxa in this analysis include the charophycean and 
micromonadophycean algae and land plants. The results of this analysis are 
nearly equivalent to those in the previous chapter with a reduced data set. The 
72 cladograms differ in only four respects: 1) the relationship of Cauferpa and 
Hatimada to other caulerpacean algae, 2) the relationships between Bryopsis, 
Derbesia, and Codium, 3) the relationships between Microdictyon, 
Anadyomene, Cladophoropsis and the remaining siphonocladatean taxa, and 
4) the relationship among the Ulvalean taxa, Ulva, Ulvaria. and Enteromorpha. 
In a  strict consensus tree (Figure 4.4), the siphonous and siphonocladous 
ulvophycean orders (i.e., the Caulerpales, Dasycladales and Siphonocladales) 
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Figure 4.3. Numbers of each nucleotide substitution type listed by primer among 
















































Figure 4.4. Strict consensus tree of 72 equally most parsimonious cladograms
(with a yeast and a diatom as outgroups), each with 1076 steps and Cl of 0.515.
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clades and the Caulerpales and Dasycladales are sister taxa with the 
Siphonocladales at the base of the clade. The Trentepohliales and the genus 
Blastophysa are basal to the siphonous and siphonocladous Ulvophyceae.
The Siphonocladales, Caulerpales, Dasycladales and Trentepohliales, 
however, are separated from the remaining ulvophycean orders, Ulvales and 
Ulotrichales, by representatives of the Chlorophyceae and Pleurastrophyceae. 
Thus, this analysis does not support monophyly of the Ulvophyceae, neither in 
the sense of Floyd and O'Kelly (1990) nor Sluiman (1989).
Outgroup experim ents I. Surprisingly, the branch leading to the two 
outgroup taxa (non-green plants) is not longer (55-77 steps) than the branches 
joining the basal ingroup taxa, Pedinomonas, Charophyceae, and land plants 
(65-75 steps) with the remaining green algae. Even so, it is possible that these 
organisms are too distant from the ingroup, resulting in homoplasy and 
distortion of ingroup relationships (Maddison et al. 1984). In fact, out of 27 
character changes along the outgroup branch, only three represent characters 
that are non-homoplastic (Consistency Index equal to one) and only six of 27 
had Cl's greater than 0.6. Therefore, the diatom and yeast were removed from 
the analysis. The most basal ingroup taxa were chosen a s  new outgroup taxa; 
Pedinomonas, charophycean, and land plant taxa. Ingroup relationships 
inferred with these outgroup taxa produced a set of ingroup relationships 
identical to the previous analysis. The same number of equally most 
parsimonious cladograms (72) were found with 954 steps and a Cl of 0.541 
(Figure 4.5). Although it is encouraging that ingroup relationships remained 
unchanged with different outgroup taxa, the branch connecting the outgroup to 
the ingroup was still long relative to adjacent ingroup nodes. The length of this 
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Figure 4.5. Strict consensus tree of 72 equally most parsimonious cladograms
with 954 steps and Cl of 0.541. The outgroup included charophycean,
micromonadophycean and land plant taxa.
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the extent that the yeast and diatom outgroups created. In fact, nine out of the 
thirty changes occurring on this branch are characters each with a Cl of one, 
that is, the character contributes no homoplasy to the cladogram.
Non-homoplastic versus homoplastic characters are not evenly 
distributed throughout the tree (Figure 4.6). In particular, branches at the base 
of the tree surrounding (and including) the major chlorophyte clade have little 
character support, all of which is homoplastic. In other parts of the tree, 
particularly surrounding the siphonous ulvophyte clade and at the base of the 
siphonocladous ciade, the branches have much more total character support. 
As much a s  40% of the character change along these branches is non­
homoplastic.
Testing relative support of relationships. A variety of techniques 
are available to test relative support of nested sets of taxa. My first analysis 
used the bootstrap method (Felsenstein 1985). A reduced data set (analogous 
to the data set used in the previous chapter, but with one less 
siphonocladalean alga) was analyzed with 100 bootstrap replications. Figure 
4.7 is the 50% majority rule consensus of the most parsimonious cladograms 
with bootstrap frequencies added to the nodes. Although PAUP outputs a 50% 
majority rule tree with the frequency of each node greater than 50% given, the 
frequency of all monophyletic groups identified is useful for determining if a 
particular monophyletic group was ever identified among any bootstrap 
replications and at what frequency it occurred.
The nodes supporting the Caulerpales and the two Caulerpalean 
suborders, the siphonocladales, the Dasycladales the Ulotrichales, the Ulvales, 
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Figure 4.6. Number of non-homoplastic {on the left) and homoplastic characters 
(on the right) supporting each branch using charophycean, 
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Figure 4.7. Fifty percent majority rule consensus tree for 100 bootstrap replicates 
with bootstrap frequencies given at the nodes.
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bootstrap replications. Similarly, the clade of Ulvophycean, Chlorophycean and 
pleurastrophycean green algae was supported in 80%. Relationships among 
these groups, however, was never resolved in over 50% of the bootstraps.
One interesting result consistent with the most parsimonious trees was that the 
Ulvophyceae were never found as a monophyletic group. Various non- 
monophyletic arrangements were identified. For instance, The Ulotrichales and 
Ulvales were grouped in a clade with the Chlorophyceae and 
Pleurastrophyceae in 24.5% of the bootstrap replications and the siphonous 
and siphonocladous ulvophyceae grouped with the chlorophytes and 
pleurastrophytes in equally low frequency, 23%.
Decay Index. The Decay Index (Dl) was calculated by relaxing 
parsimony to find all trees 5 steps shorter than the most parsimonious ones, 
filtering them sequentially to find the populations of trees corresponding to one, 
two, three, four and five steps longer, and using a  strict consensus tree to 
determine which nodes collapse with each additional step allowed. Sixteen 
thousand trees at 5 steps longer than the most parsimonious cladograms were 
found before the Mac llfx with 8 megabytes of RAM ran out of memory. Among 
the sixteen thousand trees identified, 1266 trees were one step longer, 3463 
were two steps longer, 6649 were three steps longer, and 10816 were four 
steps longer than the most parsimonious cladograms. Figure 4.8 shows the 
most parsimonious cladogram (charophytes, land plants and a micromonad as 
outgroup taxa) with Dl for each node labelled. Not surprisingly, the nodes with 
highest Dl's were also the nodes with high frequency in the bootstrap analysis. 
The node supporting non-monophyly of the Ulvophyceae (grouping the 
Chlorophyceae and Pleurastrophyceae with the siphonous and siphonocladous 
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Figure 4.8. Strict consensus tree of 72 equally most parsimonious cladograms 
with Decay Indices (the number of extra steps needed to collapse the node) 
given for each node. The outgroup included charophycean, 
micromonadophycean and land plant taxa.
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away from the most parsimonious cladograms. Many of the clades within the 
siphonous and siphonocladous ulvophytes, as well as the Chlorophyte, 
pleurastrophyte, and ulvophyte clade, had a Dl of > 6, the highest possible 
value. The branches supporting chlorophyte and pleurastrophyte clades have 
low Dl's.
Randomized data. The data were analyzed with Archie's (1989a) 
randomization programs ("Randomize'1 and "Sumpaup") to test the relative 
"informativeness" of the data, that is, to test whether the observed data differ 
from randomly generated data. The frequency of each of the character states 
is determined for each character. The states of each character are then 
randomly redistributed among the taxa, retaining the original frequency of each 
state. The procedure was repeated 100 times to generate 100 randomized 
data sets. For each one, the shortest tree length was determined. The 
randomized data generated tree lengths that ranged from 818 to 645 steps 
(Figure 4.9) with a mean of 830 steps (standard deviation = 5.34). The most 
parsimonious cladogram (505 steps) is more than 60 standard deviations 
shorter than the mean length of randomized data (630 steps). Thus, the data 
are structured and far from random.
The Homoplasy Excess Ratio (HER, Archie 1989b) may also be 
calculated with output from Archie's programs. The HER is calculated by 
dividing the difference between mean random tree length and the length of the 
most parsimonious tree from the actual data by the difference between mean 
random tree length and the length of the shortest possible tree. The HER for 
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programs.
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Outgroup experiments II. Additional experiments were performed by 
substituting various outgroups with a reduced ingroup consisting of two to three 
taxa from each of the major lineages. These experiments were conducted to 
test the stability of outgroup node placement on the ingroup because these 
basal nodes are important in determining whether the Ulvophyceae is 
monophyletic or not. Because the branch connecting the outgroup to the 
ingroup was long, and because the branches separating basal nodes of the 
ingroup were short, it was expected that different rootings might have been 
possible with different outgroups. When Klebsormidium  and Equisetum were 
used as outgroup taxa the Ulvophyceae were not monophyletic as  in the 
analysis of the larger data set. When Klebsormidium  was used as a sole 
outgroup taxon, the Ulvophyceae also was not monophyletic. This time, 
however, the Chlorophyceae and Pleurastrophyceae formed a clade with the 
ulotrichalean and ulvalean Ulvophyceae and not the siphonous and 
siphonocladous orders. Similar arrangements were also observed with other 
combinations (e.g., including Pedinomonas and Spirogyra, alone or combined 
together with the other outgroup taxa). However, monophyly of the 
Ulvophyceae was never observed in these experiments. Some of these 
reduced taxon data sets were bootstrapped to a ssess  the relative amount of 
character support. These experiments always resulted in unresolved basal 
divergences among the two ulvophyte lineages, chlorophytes, and 
pleurastrophytes. Although non-monophyletic arrangements of the 
ulvophyceae were observed at frequencies somewhat below 50%, monophyly 
of the Ulvophyceae was only observed in two of the four bootstrap experiments 
and even then it was observed at extremely low frequencies (1.0 and 0.45).
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To explore further the problem of rooting, the data were analyzed as an 
unrooted network without outgroup taxa. initially with all ingroup taxa included, 
and then as combinations of four taxon statements, whereby the four taxa are 
one of four groups: 1) siphonous and siphonocladous ulvophytes, 2) 
ulotrichalean and ulvalean ulvophytes, 3) chlorophytes and pleurastrophytes, 
and 4) charophytes and land plants. These groups were analyzed with three 
different parsimony approaches: maximum parsimony, Lake's evolutionary 
parsimony, and transversion parsimony (a parsimony method that weights 
transversions more than transitions).
The result of analyzing the data set as an unrooted network of 
relationships is provided in Figure 4.10. A simplified version of these 
relationships is given in Figure 4.11. At one end of the network, the 
chlorophytes and pleurastrophytes and ulotrichalean and ulvalean ulvophytes 
form a convex group. It is clearly shown that what prevents this network from 
being redrawn to reflect a monophyletic Ulvophyceae is the non-monophyly of 
the chiorophycean and pleurastrophycean taxa. If the latter taxa formed a 
monophyletic group, the ulotrichalean, ulvalean, chiorophycean node could be 
rotated such that the Ulvophyceae were also convex. However, it is the 
placement of the outgroup that determines the ingroup relationships, convex or 
otherwise. Figure 4.11 shows the potential placements of the outgroup that 
result in one of four arrangements of chiorophycean / pleurastrophycean, 
ulotrichalean / ulvalean ulvophytes, siphonous and siphonocladous ulvophytes, 
and the charophyte /  land plant lineage.
The four taxon comparisons provide an indication of the relative amount 
of character support for each of the four possible sets of relationships as 











































FIGURE 4.10. Strict consensus of 72 equally most parsimonious unrooted cla­
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Figure 4.12. Number of times each possible unrooted four taxon network is 
favored by Lake's evolutionary parsimony, standard parsimony, and transversion 
parsimony.
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most supported alternatives are the two hypotheses of non-monophyly (Figure 
4.12). The topology grouping the chlorophytes and pleurastrophytes on the 
one hand, and ulotrichalean and ulvalean ulvophytes on the other, is supported 
in 321 to 348, depending on the parsimony approach) of the 432 possible 
combinations of four taxa. The grouping of chlorophytes and pleurastrophytes 
with the siphonous and siphonocladous ulvophytes is supported 14 to 101 of 
432 combinations, and a monophyletic Ulvophyceae is only represented in 10 
to 66 of the 432 combinations. Although the last two topologies do not differ a  
great deal in their relative amount of support, the first arrangement is favored in 
more than 75% of the possible combinations of four taxa. This tree topology in 
a global analysis using all the taxa was not identified. However, the tree 
relationships at the base of the tree become unstable when subjected to 
pseudoextinction experiments (removal of one or more taxa from the analysis). 
For instance when two siphonocladalean taxa (Microdictyon and Rhizoclonium) 
are removed the Chlorophyceae and pleurastrophyceae grouped with the 
Ulotrichales and Ulvales in 54 equally most parsimonious trees.
DISCUSSION 
General Results of Phylogenetic Analyses
Ribosomal RNA sequences for 40 taxa of green algae show a  high 
degree of variability. Some regions of longer rDNA sequences obtained for 
sequencing of PCR product in this study could not be used because they did 
not overlap with the existing rRNA sequences. Unfortunately, many other 
regions had to be ignored in the analysis because of difficult alignments.
These difficulties arose because of the need to infer considerable numbers of
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insertion or deletion events and the highly variable regions of the molecule that 
were interspersed among more conserved regions. For analyses at lower 
taxonomic levels, K is likely that these more variable regions would be 
phylogenetically useful. However, the divergence displayed among taxa in this 
study make hypotheses of homology impossible. For regions that could be 
aligned more confidently, the relative numbers of transitions and transversions 
remains in approximately constant proportion from primer to primer. The 
transition to transversion ratio among these taxa (1.43:1) is comparable to 
those observed for seed plants (1.67:1, Hamby 1990). Likewise, the number of 
multiple hit nucleotide sites (those sites that contain both transitional and 
transversional change) is, in some primers, higher than either transitions or 
transversions alone. This quality is also consistent with seed plant data. 
Nonetheless, there appear to be fundamental differences. Hamby (1990) 
suggests that very few characters had to be excluded from the analysis. This 
was certainly not the case with the green algal data. Perhaps the more ancient 
divergence of some green algae, as  suggested by Precambrian fossils for a  
variety of lineages, has resulted in increased sequence diversity in the green 
algae. Although a tempting hypothesis, differences in age do not necessarily 
translate to sequence divergence, especially if rates through time and across 
lineages are not constant. One should not rule out the possibility that 
fundamental biological differences in life cycle, speciation rates, rDNA gene 
structure and mutability, population structures, and radiation to differing 
habitats may have led to increased divergences among the green algae.
The congruence of this study with the one in the previous chapter is 
encouraging. However, the inferred relationships, as  they relate to the question 
of monophyly of the ulvophycean algae, are no more resolved in this study.
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We have, however identified some of the reasons why these relationships are 
not clearly resolved. The seemingly arbitrary placement of the outgroup node 
is perhaps the primary reason why this study is inconclusive regarding 
ulvophyte monophyly. The presence of homoplasy at the putative base of the 
inferred cladograms leads to ambiguity with respect to identification of the root. 
Given this problem, it is somewhat surprising that identical ingroup 
relationships were obtained with yeast and diatom outgroups and with 
charophyte and land plant outgroups. It does suggest, however, that arbitrary 
rooting was not caused by inappropriate choice of outgroup taxa, or the 
distance of various outgroup taxa from the ingroup, but by the lack of stable 
character data at the basal divergences of ingroup lineages.
Although the fossil record is by no means complete for the green algae, 
the green algae are an extremely ancient group (Tappan 1980, Schopf 1970). 
Fossils for Ulotrichalean, siphonous dasycladalean ulvophytes, and 
chiorophycean unicells are dated at middle to late Precambrian (900 to 700 
MY A). To the extent that these algae arose contemporaneously, it is possible, 
if not likely, that the ancient green algal divergences of the Precambrian were 
rapid enough that only a character system which is episodic would be capable 
of recording the historical pattern ol decent. Episodic characters would include 
characters that changed quickly during a divergent period, then subsequently 
returned to stasis. Unfortunately, it is impossible to identify a  priori such a 
character system.
The results of the four taxon analyses using various parsimony 
approaches support several phylogenetic hypotheses. Unlike the results from 
other analyses in this study, there is a  clear preference for one topology over 
the other. These analyses strongly favored grouping the ulvphycean orders
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Ulotrichales and Ulvales with the Chlorophyceae and Pleurastrophyceae. If the 
network is rooted with the charophyte / land plant group, the siphonous and 
siphonocladous ulvophytes form a  monophyletic group and the Ulotrichales and 
Ulvales are the sister group to the chiorophycean and pleurastrophycean algae. 
This hypothesis is consistent with Pound's (1971) hypothesis of green algal 
relationships. Round placed the Ulotrichales and Ulvales in the 
Chlorophyceae, and placed the siphonous and siphonocladous forms in a 
separate class, the Bryopsidophyceae. It is not clear why this particular set of 
relationships is strongly favored. Twenty to 30 characters support the internal 
branch of the favored Chlorophyte /  ulotrichalean tree, but only 4 to 5 
characters support the internal node of the two competing hypotheses. The 
branches of the four taxon statements represent the basal branches of the 
globally inferred cladograms. It is puzzling that the middle branch of the 
favored network would have so much support given that these branches were 
nearly devoid of support in the more global analysis. It is possible that the 
characters supporting this middle branch represent undetected homoplasy 
caused by inadequate taxon sampling. This situation could result from 
differences accumulated in the siphonous lineage which are similar to the 
charophycean lineage (another well supported lineage globally) by 
convergence, parallelism, or reversal, and optimized as clean synapomorphy at 
this level because the homoplasy is undetectable in the reduced taxon set.
The phenomenon of long branches attracting has been discussed by 
Felsenstein (1978). He suggests that this is a situation in which parsimony 
methods will be misleading.
Analyses which measure relative character support at each node, such 
as the bootstrap (Felsenstein 1985) and the Decay Index by relaxed parsimony
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(Mishler et at. 1990). were useful in identifying weakly resolved relationships. 
However, in this analysis they did not provide information beyond what was 
inferred from comparing the number of steps along each branch, the extent of 
homoplasy at nodes and its distribution within the tree. The bootstrap, as a 
method for estimating confidence limits in a phylogeny, makes certain 
assumptions regarding the nature of the data set (Sanderson 1989): 1) the tree 
constructing algorithm is statistically consistent, 2) the characters are 
independent (if not bootstrapping will overestimate confidence limits), 3) the 
bootstrap procedure is not biased with repect to the tree reconstruction 
algorithm used, and 4) that the characters at hand are representative of the 
overall ‘universe of character data" available. Sanderson suggested that 
bootstrap frequencies provide no information regarding the relationships 
inferred above the node it describes and do not contribute to information 
regarding the relationship of that clade to other clades of the phylogeny. In 
addition Kantz et al. (1990) have shown that low bootstrap values for a clade 
may be due to ambiguous taxa whose uncertainty in the tree lowers bootstrap 
values for other clades in the tree.
The Decay Index (Mishler et al. 1990) is a new measure of relative 
support for clades within a  phylogeny. It seem s to be useful for discovering 
tolerance of clades to increasing steps over the most parsimonious cladogram, 
a process similar to, but more inclusive than, imposing topological constraints 
to test the cost in tree length to derive a given topology. It was found that the 
hypothesis for non-monophyly of the Ulvophyceae collapses when parsimony is 
relaxed by 2 steps. Clades in the siphonous lineage were more robust and did 
not decay at 5 steps from the minimal tree. Therefore, at least 6 more steps 
were required to decay these nodes. These include nodes supporting the
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Caulerpales and the two major lineages within that order, the Dasycladales, the 
Siphonocladales, the Siphonous and siphonocladous ulvophytes, the 
Trentepohliales, and the entire ingroup (Figure 4.7). However, basal nodes 
supporting the ulvalean and ulotrichalean ulvophytes, the Chlorophyceae, and 
Pleurastrophyceae have low Dl's (i.e., from 1 to 3). Thus, results of the 
bootstrap and decay index have consistently identified the sam e portions of the 
phylogeny as having relatively little character support. The Decay Index, unlike 
the bootstrap, uses all the relevant data are analyzed . The assumptions of the 
Decay Index have not been thoroughly explored, however, it must assum e (as 
does the bootstrap) that characters are independent.
One limitation of nucleotide sequence data is that mutations can occur 
repeatedly at a site; thus the data might not differ from random. These data 
were non-randomly distributed. The mean tree length of randomized data was 
830 steps and the minimum length for the actual data set was 505, over 60 
standard deviations from the mean of shortest trees inferred from randomized 
data. One concern, however, for this type of test is that strong signal resolving 
one portion of the phylogeny will have a  stronger signal than randomized data 
falsely resolving other portions of the phylogeny. This inequity could certainly 
be occurring in this data set because the resolving power of these data are not 
equally distributed throughout the tree. For instance, large numbers of 
characters supporting the siphonous ulvophyte clades may be completely 
nonrandom but the few characters resolving the base of the tree may provide 
little or no signal due to homoplasy.
Like the Consistency Index (Kluge and Farris 1969), the HER m easures 
the amount of homoplasy in the data. The consistency index for the tree is 
calculated by dividing the length of the shortest possible tree (if each character
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did not change more than the number of states minus one) by the observed 
length of the most parsimonious cladogram. A cladogram with no homoplasy 
has a Cl of 1.0, and ideally, the statistic should approach 0.0 as the data 
become more homoplastic. It would also be ideal if the statistic which 
m easures the relative amount of homoplasy in your data, given the tree, would 
be independent of the number of characters and taxa (i.e., it coutd be 
compared from one data set to the next). Archie (1989c) suggested that the Cl 
does not possess this characteristic. In addition, Sanderson and Donoghue 
(1969) studied several published data sets and found an inverse relationship 
between the number of taxa and the Cl; as  the number of taxa increases, the 
Cl decreases. Archie showed that the HER does approach 0.0 in extremely 
homoplastic data sets, and suggested that it is in improved statistic for 
measuring the relative amounts of homoplasy in data. The HER for the current 
data set is 0.589, suggesting that the data are approximately 41 % homoplastic. 
In contrast, seed plant data for 60 taxa have reported HER values of 0.274 
(Hamby 1990). If HER values are comparable across data sets, it would 
suggest that there is considerably less homoplasy in the present green algal 
data set. Homoplasy should be an expected characteristic of DNA data sets 
given that it is a constrained character system with only 4 states and that back 
mutations (reversals) are likely.
Although the question of monophyly for the ulvophycean green algae 
has not been resolved, there are some aspects of the phylogeny of green algae 
which have become more resolved through addition of taxa to the analysis. For 
instance, it now appears that the best supported hypothesis of relationships 
among the siphonous and siphonocladous ulvophytes is that the Dasycladales 
are the sister group to the Caulerpales, not to the Siphonocladales as
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suggested by O'Kelly and Floyd (1964) on the basis of a flattened flagellar 
apparatus. This feature is also a characteristic of Trentepohlia (Roberts 1964) 
in the Trentepohliales, suggesting that the flattened flagellar apparatus does 
not diagnose a monophyletic group. Several morphological characters are 
consistent with a  Dasycladales and Caulerpales clade. They are both basically 
of siphonous construction and share a similar chloroplast type, which are small 
and discoidal in shape. However, these two characters are not unique to these 
two orders because they are found in other green algal groups (some 
chlorophytes such as Protosiphon have siphonous construction and many 
charophytes and land plant have discoidal plastids). One apparently unique 
feature for these algae is the composition of cell wall calcification. These algae 
are calcified with aragonite where as other green algae are calcified with calcite 
(Borowhzka 1982).
With the addition of more ulotrichalean and ulvalean taxa, these groups 
are recognized as two distinct clades. The results suggest that Uivaria forms a 
clade with other ulvalean taxa, Ulva and Enteromorpha. Relationships among 
the three taxa, however, are not resolved. Enteromorpha, U iva , and Uivaria 
have isomorphic life history types and have similar developments, initially 
germinating as a  filament and becoming either tubular (Uivaria and 
Enteromorpha) or a  distromatic blade. The tubular nature is exaggerated in 
Uivaria, which eventually splits and becomes a monostromatic blade.
The two Ulotrichalean genera in this analysis, Acrosiphonia and Ulothrix 
zonata also form a monophyletic group. These two taxa are very different 
morphologically and were previously placed in separate orders. Acrosiphonia 
is multinucleate with a single perforate chloroplast. The cells, when 
reproductive, produce a very characteristic operculate exit aperture. These
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genera do share a similar heteromorphic life history. Acrosiphonia produces a 
single celled, stalked sporophyte called a codiolum stage. Many Ulothrix 
species do as well, however, Ulothrix zonata produces a zygote which 
resembles the codiolum stage and has been interpreted as a sporophyte 
(Lokhorst 1978).
Thus, the addition of taxa to this analysis has added resolution for the 
inference of relationships among ulvophycean taxa. Increased resolution 
primarily occurred within terminal clades (with the exception of ordinal level 
resolution between the siphonous and siphonocladous ulvophytes). Increased 
resolution was not apparent at the base of the tree. Thus, the basal 
divergences of green algae remain enigmatic.
Pattern and Process of Evolution In Siphonous and Siphonocladous 
Green Algae: Fossils, Rates, and Biogeography
Phylogenetic pattern: congruence with fossils. The phylogeny of 
ulvophycean green algae inferred from cladistic analysis of rRNA data supports 
the hypothesis that the siphonous green algae of the orders Caulerpales and 
Dasycladales form a monophyletic group. The Siphonocladales, in turn, are 
the sister group to this clade. As previously discussed, this arrangement 
conflicts with current hypotheses of relationships based on ultrastructural 
characters (O'Kelly and Floyd 1984, Floyd and O'Kelly 1990). Ultrastructure- 
based hypotheses suggest that the Siphonocladales and Dasycladales are 
sister taxa because they share a flattened flagellar apparatus. Although the 
node supporting the dasycladalean, caulerpalean clade in the rDNA tree is not 
a s  robust as others in the siphonous group (Decay Index * 2), It is a  consistent 
result between analyses of molecular and non-molecular data rooted with
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Chara. Also, several non-molecular characters are synapomorphic for the 
clade (e.g., aragonorte calcification, primary nucleus, and cell wall chemistry). 
As an independent analysis of these relationships, the congruence of the 
phylogenetic pattern with published fossil ages was assessed (Figure 4.13). 
Caulerpalean fossils extend back to ca. 350 million years ago to the mid to late 
Paleozoic Era. The dasyclads extend back to at least 550-650 million years to 
the Cambrian-Precambrian border (Schopf 1970, Tappan 1980). Although 
previous fossil ages suggested the Siphonocladales had fossil representatives 
from only ca 100-200 million years ago (late Cretaceous; Schopf 1970, Tappan 
1980), more recent fossils (Butterfield et al. 1988) from Spitsbergen (Norway) 
extend the age of this group to ca. 650 million years. If the oldest 
siphonocladalean fossils were only 100-200 million years old, as previously 
reported, the phylogenetic hypotheses presented by the current study would be 
problematic because the minimum age of the most recent common ancestor of 
these three orders would be 550-650 million years old. The Spitsbergen find, 
however, supports the current hypothesis. The fossils found by Butterfield et 
al. (1986) look very much like present day Cladophora. Their micrographs 
reveal a  uniseriate, branched filament with branches formed from the upper 
end of the supporting cell with the initial crosswalls in the branches appearing 
some distance up the branch rather than at the juncture of the branch and main 
filament.
If the oldest siphonocladalean fossils are from the Precambrian, why are 
they not present in the fossil record with any diversity until 100-200 million 
years ago? Three types of environmental changes might lead to increased 
diversification of marine taxa; 1) sea level changes affecting presence of 
barriers, 2) large-scale climatic changes that determine patterns of endemism,
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Figure 4.13. Phylogram of siphonous and siphoncladous ulvophycean algae with 
age of oldest known fossils for each order.
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and 3) geographic changes affecting patterns of endemism. One possible 
scenario may link the diversification of the siphonocladalean taxa (and thus 
appearance in the fossil record) with the splitting of Pangaea and opening of 
the warm shallow Tethys Sea. Such an event could have created additional 
habitats for the diversification of these marine organisms. An additional reason 
for their scarcity in the fossil record may be the lack of significant calcification in 
siphonocladalean algae (relative to many of their siphonous counterparts).
Differences In relative rates of nucleotide substitution. A
conspicuous feature of the phylogram in Figure 4.13 is the differences in 
branch lengths associated with the Caulerpales + Dasycladales and the 
Siphonocladales clades. If the assigned branch lengths (including 
autapomorphies) are added along the paths from the common node to terminal 
taxa, the path length to the Caulerpales Dasycladales clade is 92 to 176 steps 
(nucleotide changes) but the path from the node to the siphonocladalean 
terminals ranges from 42 to 53. This represents about a three fold increase in 
the number of changes occurring along branches in the dasyclad, caulerpalean 
clade relative to the Siphonocladales. Such path lengths, if compared between 
two sister taxa (which by definition are the sam e age since they shared a most 
recent common ancestor), suggest differences in the relative rates of evolution. 
Whether such differences are related to speciation / extinction rates and 
gradual change or punctuated equilibrium (Eldredge and Gould 1972, Mindell 
et al. 1989) is unknown. Theories attempting to describe possible differences 
in nucleotide substitution rates are based largely on the neutral theory of 
evolution (Kimura 1983) and any attempt to apply these theories to the 
siphonous and siphonocladous green algae are purely speculative.
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To the extent that such rate differences are real, what aspects of the 
biology of these organisms could explain differences in relative rates of 
evolution? Brown et al. (1979,1982) have described the rate of molecular 
evolution by the equation:
E = M x F
where E  is the rate of evolution, M  is the mutation rate and F is the rate of 
fixation. Differences in either M, F, or both may have led to increased 
accumulation of nucleotide changes for the siphonous algae relative to the 
siphonocladous algae. One explanation for differences in mutation rates could 
have been a change in the DNA replication and repair mechanism of the 
Dasycladales and Caulerpales relative to the Siphonocladales. Unfortunately, 
no empirical data on DNA synthesis and repair is available for these organisms. 
Alternatively, portions of the rRNA molecule in siphonous green algae may 
have undergone a structure / function shift. This could have occurred by a 
change in secondary structure in the Caulerpales and Dasycladales leading to 
relaxed constraints on portions of the gene (e.g. those not involved in base- 
pairing or protein synthesis function). Unfortunately, a  test of this hypothesis is 
not plausible with the current data because of the inability to predict confidently 
secondary structures from partial sequences.
A multitude of factors may have allowed differential rates of fixation of 
mutations between these two lineages. Ohta (1976) predicted, on the basis of 
the neutral theory and small effective population sizes, that such founder 
events and bottlenecks should cause increased rates of molecular evolution 
over populations that are not isolated by such mechanisms. Empirical data for 
Hawaiian Drosophila (DeSalle and Templeton 1988) support Ohta's predictions,
111
but the assumption that Ohta's model is relevant to rates of marine algal 
evolution has not been adequately investigated. There is substantial 
electrophoretic evidence for the homogenizing effect of gene flow in 
planktotrophic organisms (Jablonski and Lutz 1983, Ward and Warwick 1980). 
Thus, speciation in these organisms usually arises over long distances or as a 
result of strong barriers to gene flow. The siphonous and siphonocladous 
green algae possess planktonic spores and/or gametes capable of dispersal. 
The type of algal spore in these organisms would be crucial to whether these 
organisms were capable of long distance dispersal. Some algal spores are 
positively phototactic, others are negatively phototactic. These factors may 
affect the distance the spore is capable of dispersing, and thus, the degree of 
gene flow. The longevity of algal spores in darkness would also be important if 
the spore was not positively phototactic but was still dispersed via subsurface 
ocean currents. Neither the biology of spores for these particular algae nor 
their dispersal capabilities have been empirically investigated. However, Hillis - 
Colinvaux (1980) has suggested that the caulerpalean algae have limited 
dispersal capabilities, and that this has led to high levels of endemism for these 
marine algae. These plants are primarily calcified and sink if detached, 
possibly causing decreased dispersal over uncalcified or less calcified algae 
(e.g. the Siphonocladales); the latter may become buoyant if they are dislodged 
from the substratum. It is possible that decreased dispersal may have resulted 
in smaller effective population sizes and less gene flow in the siphonous marine 
algae than the Siphonocladales resulting in higher fixation rates of nucleotide 
substitution.
Correlations with biogeography. Correlations of phylogenetic 
pattern with geologic history may provide for hypotheses concerning the
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patterns and processes associated with the diversification of these diverse 
marine organisms. A feature among the clades of siphonous and 
siphonocladous ulvophytes is the geographic distribution of extant taxa in this 
analysis (Figure 4.14). As previously discussed, two lineages can be 
recognized within the Caulerpales. The Cauierpa, Halimeda, Udotea group is 
restricted in geographic range to tropical warm water habitats. The Bryopsis, 
Derbesia, Codium group, however, is characterized by more widespread 
distribution (although individual species may have restricted distributions). The 
sister group to the Caulerpales, the Dasycladales is strictly tropical in 
distribution. The implication from this pattern of temperate affinities is that 
tropical distributions are primitive and that the more cosmopolitan distributions 
are derived. A similar pattern of temperate affinity is observed in the 
Siphonocladales. The basal taxa are restricted to tropical distributions (e.g., 
Dictyosphaeria) and the more derived taxa (Ciadophora and Rhizoclonium) 
have species which are more widespread.
These patterns of primitive tropical and derived cosmopolitan 
distributions correspond well with climatic changes which occurred from the 
Precambrian-Cambrian to the late Paleozoic Era. Five to six hundred million 
years ago, the flooded land m asses were aligned at the equator and 
surrounded by warm shallow seas. By the middle to late Paleozoic, the earth 
became considerably cooler, with glaciation moving northward from the 
southern polar region of Gondwanaland. Such cooling undoubtedly could have 
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Figure 4.14. Temperate affinities of Siphonous and siphonocladalean clades
CHAPTER 5





Comparative morphological studies have provided the basis for most 
questions concerning evolutionary relationships among organisms. New 
molecular techniques have provided additional types of data for exploring these 
relationships. The large number of discrete heritable characters in DNA 
sequences makes them a  potential source of useful characters for phylogenetic 
inference. With these new tools, however, appropriate methods for 
synthesizing the information provided by existing morphological characters with 
new molecular data must be developed. Although analysis of molecular data is 
a  powerful tool for inferring phylogenies, th e  technique should not be 
interpreted as the only reliable method for inferring evolutionary history.
Molecular data do have some advantages over morphological data. 
Ribosomal RNA gene sequences (presented in the preceding chapters of this 
dissertation) have increased the available characters for the ulvophycean green 
algae considerably over what was previously available. In addition, it may be 
hypothesized that morphological characters are less likely to be independent 
than molecular characters, and that this non-independence may bias the 
outcome of phylogenetic analyses. Wheeler and Honeycut (1988), however, 
have shown instances where molecular characters may not be independent.
Surely, an approach to phytogeny reconstruction that uses all of the 
relevant information regarding the taxa of interest is preferable to a  single 
character system, whether it includes data for multiple genes, or molecular and
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morphological data. But what is the best approach for synthesizing the 
information provided by these different character systems? One approach is to 
analyze the data separately and assess congruence of the two data sets. 
Because organisms have only one evolutionary history, a  high degree of 
congruence might result when alternative data sets are used to infer phytogeny 
for a set of taxa. One way in which congruence has been evaluated is by 
consensus approach (Adams 1972, Carpenter 1988). Although consensus 
techniques identify areas of the phylogeny where competing hypotheses 
disagree, the use of this method has been challenged (see Barrett et at. 1992, 
Cracraft and Mindell 1989, Miyamoto 1985). An alternative to consensus is to 
pool the data in a single analysis (Hillis 1987, Barrett et al. 1992). Kluge 
(1983), however, has pointed out that if one character type outnumbers another 
(e.g., molecular vs. morphological characters) pooling different data may lead 
to the less numerous character type being negated by the more numerous one. 
Although weighting schemes may be used to counter this problem, the logical 
defense of such an a priori weighting is problematic. Similarly, if data are 
analyzed separately and given equal weight in the two data sets, when 
compared by consensus, the less numerous characters are effectively 
weighted relative to the more numerous (Cracraft and Mindell 1989). In this 
chapter, molecular and non-molecular data are used in combination, without a 




Consonant with the recommendations of Hillis (1987) and Barrett et al. 
(1992) the morphological and molecular characters were pooled with equal 
weight given to each character. Unfortunately, there are more taxa for which 
there are molecular data than for which a "complete" set of morphological 
characters is available. The combined data set was analyzed by PAUP with a 
heuristic search for the set of minimal length trees. Outgroup taxa included the 
Charophyceae, Micromonadophyceae, and land plants. The only outgroup 
taxon for which both molecular and morphological data were available was 
Klebsormidium. Therefore, outgroup experiments were performed similar to 
those in Chapter Two with morphological data. As with the molecular data, a 
targe subset of the main data matrix was bootstrapped with the bootstrap 
option of PAUP.
RESULTS
Analysis of combined morphological and molecular data for the green 
algae resulted in 216 equally most parsimonious trees with 1050 steps and a Cl 
of 0.533. A strict consensus tree (Figure 5.1) suggests that the Ulvophyceae 
are monophyletic ( if one includes the Trentepohliales as a  member of the 
class). Thus, the combined data conflict with the molecular data alone. Many 
other parts of the tree are consistent with the phylogeny inferred from rRNA 
gene sequence data. An exception is the grouping of the Pleurastrophyoeae 
and Chlorophyceae in a monophyletic group. Nevertheless, neither of these 









































Figure 5.1. Strict consensus tree of 216 equally most parsimonious cladograms 
(1043 steps and a Cl of 0.536) inferred from combined sequence and non-mo* 
lecular data. The outgroup included charophycean, micromonadophycean and 
land plant taxa.
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Because different outgroup taxa caused instability of inferred 
relationships in the morphological data (cf. Chapter 2), similar experiments 
were performed on the combined data set. By simply removing the 
morphological characters associated with Klebsormidium (a charophycean 
outgroup taxon), but retaining the rRNA data, a reversion to non-monophyly 
was observed (Figure 5.2). Little character support is provided for basal nodes 
critical to resolving the question of monophyly. Although more characters were 
optimized at these nodes with the combined data (primarily morphological 
characters), these characters were mostly homoplastic. Characters that were 
not homoplastic were those for which most taxa were coded as unknown (e.g., 
rhizoplast association with microtubules and centriole lateral to spindle pole). 
The lack of information may result in an inflation of the Cl of that character and 
an overemphasis of it's utility as a phylogenetically informative feature.
When the combined data were bootstrapped for 100 replicates (including 
non-molecular data for Klebsormidium), the result was almost identical to the 
bootstrap of molecular data alone (Figure 5.3). The only difference was 
observed in the relationships between Caulerpa, Haiimeda, and Udotea. 
Among the bootstrap frequencies of monophyletic groups, no groupings 
consistent with a monophyletic Ulvophyceae was observed. Even so, the clade 
of siphonous and siphonocladous ulvophytes wrth the Chlorophyceae and 
Pleurastrophyceae (consistent with non-monophyly resulting from sequence 
data alone) was observed in 27% of the bootstrap replicates. This was 










































Figure 5.2. Strict consensus tree of 648 equally most parsimonious cladograms 
(1041 steps and a  Cl of 0.537) inferred from combined sequence and non-mo- 
lecular data. The outgroup included charophycean, micromonadophycean and 










































Figure 5.3. 50% majority rule consensus tree resulting from 100 replicates of 
bootstrapping the combined sequence and non-molecular data. The outgroup 
included charophycean, micro mo nadophycean and land plant taxa. Non-molecu­
lar data for Klebsormidium  was included.
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DISCUSSION
Morphological data alone were ambiguous with respect to the question 
of monophyiy of the ulvophycean green algae (with the exception of the 
analysis with Chara as a  single outgroup taxon). The molecular data, when 
analyzed alone, were not ambiguous with respect to whether the ulvophytes 
were monophyletic, however, hypotheses of non-monophyly were weakly 
supported and the specific arrangements of lineages leading to non-monophyly 
were ambiguous (i.e., the chlorophyte and pleurastrophytes either grouped with 
the siphonous and siphonocladous ulvophytes or with the ulotrichalean and 
ulvalean ulvophytes). The combined data provides yet a third result: a 
monophyletic ulvophyceae. Although resolved by using all the taxa and all the 
data, by deleting morphological data in one outgroup taxon. Klebsormidium , the 
effect of the combined data is reversed. In fact a  review of character support at 
the basal nodes finds no strengthening of the character support for either 
hypothesis. Therefore, the question of monophyiy for the Ulvophyceae remains 
unresolved. It was surprising that although the maximum parsimony analysis 
supported the hypothesis of monophyiy for the Ulvophyceae, when the 
combined data set was bootstrapped, this result was not observed in any of the 
resulting bootstrap replicates. The extent to which this result points toward a 
weakness in character support for the hypothesis of monophyiy or toward the 
bootstrap technique is unknown. Regardless, it is an unsatisfying result that 
the most parsimonious result was not represented at all in the bootstrap 
frequency table of monophyletic groups.
Concerning whether it was appropriate to combine morphological and 
molecular data in this analysis, several points can be made. A high degree of
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congruence was observed between results of analyses of molecular and 
morphological data (particularly when Chara was used as the outgroup taxon in 
the morphology data). This was seen, not only in relationships that were well 
resolved (i.e., between the siphonous and siphonocladous ulvophytes), but 
relationships that were not resolved (the question of ulvophycean monophyiy) 
However, consensus techniques were not possible (unless one was willing to 
use a reduced molecular data set) since more taxa were represented in the 
molecular study. Also, morphological data were not observed to be 'swamped* 
(Kluge 1983) by the more numerous molecular characters. In fact the pattern 
of divergence at the base of the tree inferred by molecules was reversed by the 
addition of morphological data. Given the lack of character support in this part 
of the tree, it is not surprising that such rearrangements occur. Thus, this result 
is consistent with the suggestion of Barrett and coworkers (Barrett et at. 1992) 
that the distribution of character support, and not the number of characters, is 
an important factor in the results of combining different types of data.
CHAPTER 6 
GENERAL SUMMARY AND CONCLUSIONS
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Current hypotheses of relationships for the green algal class 
Ulvophyceae were tested by cladistic analyses of molecular and non-molecular 
characters. Specific relationships that were tested included the placement of 
Ulvophyceae among other green algae, the hypothesis of monophyiy for orders 
assigned to the Ulvophyceae (senst/ O'Kelly and Floyd 1984b, i.e., Ulvales, 
Ulotrichales, Siphonocladales, Caulerpales, and Dasycladales}, the 
relationships among ulvophycean orders, and among genera within those 
orders.
The first chapter of this dissertation focused on cladistic analyses of 43 
non-molecular characters for 22 ulvophycean, chlorophycean, and 
pleurastrophycean taxa. Two charophycean taxa were used as the outgroup. It 
was discovered that the resulting cladograms were ambiguous and few 
relationships above the ordinal level were resolved. This result was caused by 
outgroup effects of the outgroup taxon Klebsormidium , The cladograms were 
less ambiguous when only Chara was used as the outgroup. This analysis did 
not support the hypothesis of monophyiy for the Ulvophyceae, but instead 
agreed with Round (1971) in grouping the Ulvales and Ulotrichales with the 
Chlorophyceae and Pleurastrophyceae.
In Chapter 3 and 4, ribosomal RNA gene sequence data were analyzed 
to explore relationships among the ulvophycean green algae. Cladistic 
analyses were based on comparison of 975 nucleotide sites for 40 taxa. As in 
the analyses of non-molecular data the analyses of rRNA sequence data did 
not support the hypothesis of ulvophycean monophyiy. The siphonous and 
siphonocladous ulvophycean algae were more closely related to the 
Chlorophyceae and Pleurastrophyceae than to the remaining ulvophycean
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taxa. Thus, the specific relationships differed slightly from those inferred from 
non-molecular data.
Various techniques, including bootstrap analysis, outgroup experiments, 
calculation of Decay Indices, and analyses of the number of non-homoplastic 
and homoplastic characters at each node, were used to assess  the reliability of 
inferred relationships. Each of these techniques suggested that basal 
divergences among green algal groups lack stable character data at the basal 
divergences of ingroup lineages and led to ambiguous placement of the 
outgroup node. Therefore the relationship of the siphonous and 
siphonocladous green algae to other green algal groups (including other orders 
in the Ulvophyceae) is poorly resolved. Although the fossil record is by no 
means complete for the green algae, it has been shown that the green algae 
are an extremely ancient group of organisms. Fossils for utotrichalean, 
siphonous dasycladalean ulvophytes, and chlorophycean unicells extend back 
to the middle to late Precambrian (900 to 700 MYA). To the extent that these 
algae arose contemporaneously, it is possible, if not likely, that the ancient 
green algal divergences of the Precambrian were rapid enough that only a 
character system which is episodic would be capable of recording the historical 
pattern of decent.
These analyses, however, do indicate robust support for a monophyletic 
group of siphonous and siphonocladous Ulvophyceae. The siphonous orders. 
Caulerpales and Dasycladales form a ctade and the Siphonocladates, in turn, 
are the sister group to this clade. This arrangement conflicts with current 
hypotheses of relationships based on ultrastructural characters (O'Kelly and 
Floyd 1984b, Floyd and O'Kelly 1990). This hypothesis is, however, a 
consistent result between analyses of molecular and some non-molecular data
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and several non-molecular characters are synapomorphic for the clade (e.g., 
aragonoite calcification, presence of a  primary nucleus, and cell wall 
chemistry). This pattern of relationships is also consistent with the fossil record 
for these green algae.
The phylogenetic analyses indicate an approximate three fold increase 
in the rate of rDNA evolution in the siphonous ulvophycean algae relative to 
their sister group, the Siphonocladales. These rates are assessed  by the 
relative number of nucleotide changes observed on branches between these 
sister taxa. Among the many possible causal factors leading to these rate 
differences, depressed DNA repair mechanisms or a change in selective 
constraints on the molecule are possible explanations.
Another feature among the clades of siphonous and siphonocladous 
ulvophytes is the pattern of lemperate affinities displayed by the extant taxa in 
this analysis. Two lineages can be recognized within the Caulerpales. The 
Cauterpa, Halimeda, Udotea group is restricted in geographic range to tropical 
warm water habitats. The Bryopsis, Derbesia, Codium group, however, is 
characterized by more widespread distribution (although individual species may 
have restricted distributions). The sister group to the Caulerpales, the 
Dasycladales is strictly tropical in distribution. A similar pattern of temperate 
affinity is observed in the Siphonocladales. The implication from this pattern of 
temperate affinities is that the tropical distribution pattern is primitive and the 
more widespread condition is derived. This pattern corresponds well with 
climatic changes which are believed to have occurred from the Precambrian- 
Cambrian to the late Paleozoic Era. Correlations of phylogenetic pattern with 
geologic history provide for hypotheses concerning the evolutionary processes 
associated with the diversification of these diverse marine organisms.
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C a u l e r p a
C h la m y d o m o n a s
U ro n e m a
C h a e t o m o r p h a
C l a d o p h o r a
R h i z o c I o n i u m
D i c t y o s p h a e r i a
T r e n t e p o h l i a
B l a s t o p h y s a
B a t o p h o r a
U d o t e a
U lv a
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P l e u r a s t r u m
B r y o p s i s
C o d iu m
P s e u d o t r e b o u x i a
A c r o s i p h o n i a
CHARA
K l e b s o r m i d i u m
d i m e n s i o n s  n t a x = 2 2  n c h a r = 4 3 ;
f o r m a t  DATATYPE=STANDARD m i s s i n g = 7  s y m b o l s = “G A T C ’ 
m a t r i x
1 2 3 4 ]
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3  4 5 6 7  8 9 0 1 2 3 ]  
AAGGACGAAGGAGG AG7GAGAGGAAAAA7 AAA 7 ? ?  AG 7G ? ?GA 
AAA 7 ?T  ? ? AAAGAAAAAAA 7 7 7 7 7 ?G AAGGGA 7 7GAG 7 7 7 7 AA 
G? 7 7 ?  A? 7G77GAAAA? AA7AAA? 7 AAAGG? A? 7 7 AAG7 A? 7 ?
GAA? AGAAGAGGTGAAGGAAAAAAAAAGAGGGAG? AAGAA? ?A 
G AA 7 AGAAGAGGTGAAGGAAAAAAAAAGAGGGAG 7 AAGAG 7G A 
GAA 7 AGAAGAGGTGAAGGAAAAAAAAAGAGG A? 7 7 AAGAA7 7 7 
GAA 7 7 7AAGAG 7TGAAGGA? AAAAAAAG 7 7 AA7 7 7 AAC A? 7GA 
GAG7AA77G? 7ATAAA7GGAGAAG7AAG7AAA? 7 7AAG7G7G? 
GAA7AGAAGAG7TGA77GA7A77AGAA7777A777AG7G777?
AAA? AT AGGAA? 7 AAA7GG 7 AAAA 7 A7G 7 AAGGA7GG 7G ? 7G ?
AAGG ACG A7GG7GGAG 7GGGAGGAGAAA7? AGGA7 AG7G? 7 7 A 
GAGAGG? 77A7GAAAAGGAGAAAAAAGAAGGA? 7 AAAA77GG? 
AAGGACGAAGGAGGGG 7GGGAGG AAAAA ? AAGGA7 AG 7G7 7 7A 
GAGAGG? 7 7 AAGAAAAGGAGAAAAAAGAAGGA? ? AAAA 7 7GGA 
GGGGT A7 7 7 7 AG AAAAGG AAAAAG AAAAGGC A 7 7 7 AAG 7 7 GG 7 
A A ?? ? ? ? ? ? ? 7GAAAA7GA7A?? ? 77G A A ??A ? ??A C ???A A ? 
AAGGAAGAGGGAGGAA7GAGAAAAGAAA7GGA? 77G G 7G 77G ? 
AAGGAC AG AGGAGGGA 7GGGAAAAGAAA 7 AGA7 7  7 AG ?G 7 7 7 A 
AA? 7 7 7 7 7 7 7 7GAAAA7GA 7 A 7 7 7 7 7GAA? 7 A7 7 7AG? 7 7 AA? 
GAGGT 7 7 7 7 7 77CGAAGGA 7 AAAA 7 AGA? 7CA? 7 7  AAGAG? 7 7 
AG A? ?T  AAG 7 7 AG? AA? 7GTGAAG 7 AA? 7 7GGAGAAAG7G7GG 
AAA77TAAG77AAAAAA7AAAAAA7AAAAG7A77AAAG7A7GG
e n d ;
b e g i n  PAUP; 
OUTGROUP 21 22 [CHARA K l e b s o r m i d i u m ] ;
END;
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DIM ENSIONS NTAX=47 NCHAR=2400;
FORMAT M IS S IN G = . INTERLEAVE DATATYPE=DNA
MATRIX
1 2  3 4 5]
123 4 5 6 7 8 9 0 1 2 3  4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4  5 6 7 8 9 0 1 2  3 4 5 6 7 8 9 0 ]
ACROSIPHONIA S P ............................................................................. CATATGCTTGTCTCAAAGATTAAGCC
ULVARIA OXYSPERMA ........................................................................T ATGCTTGTCTC AAAG ATT AAGCC
DERBESIA T E N U IS .......................................................................................................................................................
NEOMERIS ANNULATA ...........................................................................................................................................
RHIZOCLONIUM SP.FW   CAT ATGCTTGTC TC AAAG ATT AAGC C






TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V I R .............................................................................................................CTGTCTCAAAGATAA
BLASTOPHYSA R H IZ O .................................................................................................................................................
CYMOPOLIA BARBATA ...........................................................................................................................................
BATOPHORA OERSTED.................................................................................................................................................
UDOTEA S P . ...........................................................................................................................................




R H IP IL IA  TOMENTOSA ...........................................................................................................................................
PE N IC IL L U S  DUMET....................................................................................................................................................
ULVA FASCIATA ...........................................................................................................................................










KLEBSORMIDIUM F L A .................................................................................................................................................
SPIROGYRA MAXIMA ...........................................................................................................................................
EQUISETUM S P . ...........................................................................................................................................
GLYCINE MAX ...........................................................................................................................................
SACCHAROMYCES T ATCTGG TTG ATCCTGC C AGT AGTC AT ATGCTTGTCTC AAAG AT T AAGCC
PHAEODACTYLUM S P ....................................................................................................................................................
II
6 7 8 9 0 ]
1 2 3 4 5 6 7 8 9 0 1 2  3 4 5 6 7 8 9 0 1 2  34 5 6 7 8 9 0 1 2 3  4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 ]
ATGCATGTCTAAGTATAAAAAGATT. AT ACTTTG AAACTGCG AATGGCT C 
ATGCATCTCTAAGTATAAAC. AGTTT AT ACTGTG AAACTGCG AATGGCT .
. TGTATACCGGTAAACTGCGAATGGCTC
ACROSIPHONIA S P .
ULVARIA OXYSPERMA
DERBESIA T E N U IS .................................................................
NEOMERIS ANNULATA .....................................................








TRENTEPOHLIA S P ............................................................................................ CTGTGAAACTGCGAATGGCTC
CEPHALEUROS V IR . GCCATGCATGTCTAAGTATAAGCTTTATACTGTGAAACTGCGAATGGCTC
BLASTOPHYSA R H IZ O ..................................................................................................................................................
CVMOPOLIA BARBATA ............................................................................................................................................
BATOPHORA O ERSTED..................................................................................................................................................
UDOTEA S P . ............................................................................................................................................
BRY O PSIS PLUMOSA ............................................................................................................................................
CAULERPA PROLIFERA ............................................................................................................................................
CODIUM DECORT. ............................................................................................................................................
HALIMEDA DISCO ID EA  ............................................................................................................................................
R H IP IL IA  TOMENTOSA ............................................................................................................................................
PE N IC IL L U S  DUMET.....................................................................................................................................................
ULVA FASCIATA ............................................................................................................................................












EQ U IS ETUM SP .  ACTGTG AAACTGCG AATGGCTG
GLYCINE MAX ............................................................................................................................................
SACCHAROMYCES AT GC ATGTCTAAGT AT AAGC. AATTTATACAGTGAAACTGCGAATGGCTC
PHAEODACTYLUM S P ....................................................................................................................................................
t ]
t 1 2 3 4 5 ]
I 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 ]
ACROSIPHONIA S P . ATTAAATCAGTTAGAGTTTATTTGATGGTACCTT. ACT. A C . ACGGATAA
ULVARIA OXYSPERMA ATTAAATCAGTTAGAGTTTATTTGATGGTACCACCACT. A C . TCGGATAA 
DERBESIA T E N U IS ........................................................................................................................................................
NEOMERIS ANNULATA ............................................................................................................................................
RHIZOCLONIUM S P .F W  GGTAAATCAGTTATAGTTTATTTGATAGTGCAACC. . T . A C . TCGGATAA






TRENTEPOHLIA S P . ATTAAATCAGTTATAGTC. A TTT. ATGGTGT. . T T . C T . A C . TCGGATAA
CEPHALEUROS V IR . ATTAAATCAGTTATAGTT. ATTTGATGGTGTTT. G T . T . A C . TCGGAT AA
BLASTOPHYSA R H IZ O    TA C. . TTGCT . A . CTTGGATAA
CYMOPOLIA BARBATA ............................................................................................................................................
BATOPHORA O ERSTED..................................................................................................................................................
UDOTEA S P . ............................................................................................................................................
B RY O PSIS PLUMOSA ............................................................................................................................................
CAULERPA PROLIFERA ............................................................................................................................................
CODIUM DECORT. ............................................................................................................................................
HALIMEDA D ISC O ID EA  ............................................................................................................................................
R H IP IL IA  TOMENTOSA ............................................................................................................................................
PE N IC IL L U S  DUMET.....................................................................................................................................................
ULVA FASCIATA  AGAGTTT ATTTGATGGTACCAC . ACT . AC . T C C . AT AA
ATGCATGTCTAAGTAT. . AGTACCTTATACTGCGAAACTGCGAATGGCTC 
ATGCATGTCTAAGTATAAACTGCTTTATACTGTGAAACTGCGAATGGCTC 
ATGCATGTCTAAGT AT AAACTGCTT. AT ACTGTG AAACTGCG AATGGCTC 
................................ GT AT AAACTGC. TTATACGGTGAAACTGCGAATGGCTC
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ENTEROMORPHA IN T . ATTAAATCAGTTAGAGTTTATTTGATGGTACCAC. A CT. A C . TCGGATAA
ULOTHRIX ZONATA ..............................................................................................................................GATAA
URONEMA BELKAE  GTTTATTTGATGATACCTTT . C . . . C . TC . GATAA
CHLAMYDOMONAS EUG. ATTAAATCAGTTATAATTTATTT. ATGGTAC. . TTA CT. A C . TTGGATAA 
CHLORELLA ATTAAATCAGTTATAGTTTATTTGATGGTACT. . TA C T. AC. TCGGATAC
ATRACTOMORPHA EC H . ATTAAATCAGTTATAGTTT. T T T . ATGGTTACCTT.■ T . A C . TCGGATAA 
CHLOROGONIUM ELON. ATTAAATCAGTTATAGTTTATTTGATGGTACCC. T . . T . A C . TCGGATAA
PLEURASTRUM .............. TCAGTTATAGTTTATTTGATGGTA. CACTACT. A C . TCGGATAA
PSEUDOTREBOUXIA ............................................. '.  . . T'iTCiATGGT. GCCTTACT . . C . TCGGATAA-
PEDINOMONAS .......................GAAAT . ATTTCTTTGATGGTG . AAAATCT. AC . ACGGATAC
KLEBSORMIDIUM F L A  C C .T T A C . . ,C.TCGGATAA
S PIROGYRA MAX IMA ATTAAATCAGTTATAGTT. ATTTGATGGTTGAT. . G C T . A C . TCGGATAA 
EQUISETUM S P . ATTAAATCAGTTATAGTTTCTTTGATGGTACC. TTG CT. AC-TCGGATAA
GLYCINE MAX .......................................................................GGTAT . . CTACT . A C . TCGGATAA
SACCHAROMYCES ATT AAATCAGTTATCGTTTATTTGATAGTTCCTTTACT. ACATGGTATAA
PHAEODACTYLUM S P ....................................................................................................................................................
[ 2 ] 
[ 6 7 8 9 0]
[ 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4  5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2  3 4 5 6 7 8 9 0 ]
ACROSIPHONIA S P . CCGTAGTAATTCTAGAGCTAAGACGTGC. GAAAA. . TCCC. GACTCAC. .
ULVARIA OXYSPERMA CCGTAGTAAAGCTACAGCTAATACGTGC. GTAAC. . TC C C . GACTTAC
DERBESIA T E N U IS .................................................................................................................................................
NEOMERIS ANNULATA .....................................................................................................................................
RHIZOCLONIUM S P . FW CCGTAGTAACACTAGAGCTAATACGTGC. GTAAA. . TC C C . GACTTTT






TRENTEPOHLIA S P . C C . . AGGAAAACTAGAGCTAATACGTGC. GTAAA. . TC C C . GACCTC.
CEPHALEUROS V IR . CCGTAGG. . . ACTAGAGCTAATACGTGC. GTAAA. . TC C C . G A . . T C .
BLASTOPHYSA R H IZ O . C C . . AGTAATTC. . AGAA. GCTAATACAT. CGCGGATCCCAGACTTCT
CYMOPOLIA BARBATA .....................................................................................................................................
BATOPHORA O ERSTED ...........................................................................................................................................




HALIMEDA DISCO ID EA  .....................................................................................................................................
R H IP IL IA  TOMENTOSA .....................................................................................................................................
PE N IC IL L U S  DUMET....................................................................................................................................................
ULVA FASCIATA CCGTAGTAAAGCTAC. GCTAATACGTGC. GTAAC. . TCCC. GACTTAC. .
ENTEROMORPHA I N T . CCGTAGTAAAGCTACAGCTAATACGTGC. GTAAC. . TC C C . GACYC. C . .  
ULOTHRIX ZONATA CCGTAGTAATTCTAGA. CTAATACGTGT. GTAAA. . TC C C . GACT. A C . .  
URONEMA BELKAE CCGT. G T . ATTCTAGAGCTAATACGTGC. GCAAC. . TC C C . GACTTCT. .
CHLAMYDOMONAS EUG. CCGTAGTAATTCTAGAGCTAATACATGC.GGATA. . TC C C . AACTTCT. .  
C HLOR ELLA CCGTAGTAAATCTAGAGCTAATACGTGC. GTAAA. . TC C C . GACTTCT. .
ATRACTOMORPHA EC H . CTCTTGGAAATCTAGAGCTAATACGTGC. TTAAA. . GGGT. GACTGTC. .  
CHLOROGONIUM ELON. CCGTAGT. A TTCT. GAGCTAATACGTGC. G T . AA. . CCCC. G A . T T C . . .  
PLEURASTRUM CCGTAGTAATTCTAGGGCTAATACGTGC. GTAAA. . TC C C . GACTTCT. .
PSEUDOTREBOUXIA CCGTAGTAATTCTAGAGCTAATACGTGC. GCACA. . TC C C .G A C TC . C . .  
PEDINOMONAS CCGT. G T . A TTCT. GAGCTAATACGT. C . G T . AA. C TC C . . . A . T T . . . .
KLEBSORMIDIUM FL A . CCG. AGTAATTCTAGAGCTAATACGTGC. ACCAAA. TC C C . GACTTCT. .
S PIROGYRA MAXIMA CCGTAGTAATTATAGAGCT. ATACGTGC. GCAAGG. G CCC. GACTTC. .  . 
EQUISETUM S P . CCGTAGTAATTCTAGAGCTAATACGTGC. ACCAA. CTCCC. GACTTCT. .
GLYCINE MAX CCGTAGTAATTCTAGAGCTAATACGTGC. AACAAA. CCCC. GACTTCT. .
SACCHAROMYCES CCGTGGTAATTCTAGAGCTAATACATGC. TTAAAA. T C T C . GACCCTTT.
PHAEODACTYLUM S P  CC . .
( ] 
( 1 2 3 4 5 ]
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I 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3  4 5 6 7  8 9 0 1 2  3 4 5 6 7 8 9 0 1 2 3  4 5 6 7 8 9  01
AC RO S I  PHON IA  S P ...............................................GAA. . GGGA . GT . ATTTATT AG ATCC AAGGCCGAC .
ULVARIA OXYSPERMA ......................................GAA . .  GGGA . GT . ATTTATT AGATTCAAGGCCGAC .
DERBESIA T E N U IS ......................................................................................................................................................
NEOMERIS ANNULATA ...........................................................................................................................................
RHIZOCLONIUM SP.FW  ......................................TGA . AG . GA .GT . ATTTATT AGATTTATGGCCAGCC






TRENTEPOHLIA S P ................................................. CGA. AGGGACGT. ATTTATTAGATAAGAGGCCGGAA
CEPHALEUROS V I R ............................................... GGA . AGGGA . G . . ATTTATT AG AT AAG AGGC . G . . .
BLASTOPHYSA R H IZ O ..........................................GGA . AGGGACGT . ATTTATTAGATAAAAGGCYGA . .
CYMOPOLIA BARBATA ...........................................................................................................................................
BATOPHORA OERSTED.................................................................................................................................................




HALIMEDA DISCO ID EA  ...........................................................................................................................................
R H IP IL IA  TOMENTOSA ...........................................................................................................................................
PE N IC IL L U S DUMET....................................................................................................................................................
ULVA FASCIATA................. ........................................GA . AGGGACG . .  ATTTATTAGATTCAAGGCCGA. .
ENTEROMOR PHA IN T .................................................. GA. AGGGACGT. . TTTATTAGATTC . AG AC CGA. .
ULOTHRIX ZONATA ....................................... GA. AGGGACGT. ATTTATTA. ATCCAAGAC . GA. .
URONEMA BELKAE .....................................GG . . . GGGA. G T . GTT . ATTAGATCT . AGG. . . C . .
CHLAMYDOMONAS EUG GGA. AGGGACGT. ATTTATT AG AT AAAAGGCC ACC .
CHLORELLA .....................................GGA. AGGGACGT. ATTTATTAGATAAAAGGCCGACC
ATRACTOMORPHA ECH.......................................... GGA. AGCCTTGC . ACACATTAGACCAAAGGCCG . AG
CHLOROGONIUM ELON.......................................... GGAGAGGGG . GTGATTTATTAGA. AAAAGGCCAGCC
PLEURASTRUM....................... .....................................GGA. AGGGACGT. ATTTATT AG AT AAAAGGCCG. AC
PSEUDOTREBOUXIA ....................................... G A .A G G G A .G .. . TTTATTAGATAAAAGG. C G . AG
PED I NOMONAS  GGAGGT. . TTT . TT . G . TCCAA . .CCA .G C
KLEBSORMIDIUM F L A ...........................................GGA. AGGG. CGT . ATTTATTAGATAAAAGGCC. . AA
SPIROGYRA MAXIMA .....................................GGA. AGGGCTGT . ATTTGTTAGAGAAAAGACC. AGC
EQ U IS ETUM S P . .....................................G G . . .  GGGA . GC . ATTT ATT AG AT AAAAGGCCGA . .
GLYCINE MAX .....................................GGA . AGGG ATGC . ATTT ATT AGAT AAAAGGTCAA . .
SACCHAROMYCES .....................................GGA . AGAGATGT . ATTTATT AGAT AAAAAATCAA . .
PHAEODACTYLUM S P  GGGG . AG . . ATTTATTAGATTGAAACCA. CTC
3)
6 7 8 9 0 ]
123 4 5 6 7 8 9 0 1 2  3 4 5 6 7 8 9 0 1 2 3 4  5 6 7 8 9 0 1 2 3  4 5 6 7 8 9 0 1 2  3 4 5 6 7 8 9 0 ]
ACROSIPHONIA S P .
ULVARIA OXYSPERMA
DERBESIA T E N U IS .................................................................................................................................. ..
NEOMERIS ANNULATA ....................................................................................................................... ..
RHIZOCLONIUM SP.FW  GGG................... CTTGCCGACCAGC................GGTGAATCATGGT ,






TRENTEPOHLIA S P .
CEPHALEUROS V IR .
BLASTOPHYSA R H IZO .
CYMOPOLIA BARBATA 
BATOPHORA OERSTED.
UDOTEA S P .
. T G ............... CTTGCACG . T T T T ................GGTGAATCATGAT . . AACTT
. T G ............... CTTGCACG . C T T T ................GGTGAATCATGGT . . AACTT
.AACTT
. CGCG.............. CTTA . . GGCCCG. C T . T C . GGTGAATCATAAT. . AACTT
ACCGGG........... CTTGTCCCGCTTC................GGTG . ATC . TGAT . . AACTC





HALIMEDA D ISCO ID EA  
R H IP IL IA  TOMENTOSA 
PE N IC IL L U S P'IM ET. 
ULVA FASCIATA 










KLEBSORMIDIUM FLA . 
SPIROGYRA MAXIMA 
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
I
. . C . T G  CTT . . . G . ACGTCTT . T . . GGTGAATCATGGT . . AACTT
. CCGTG CTT . . . GC . CGTCTT . T . . GGTGAATCATGGT . . AACTT
. CCG C T T . . . GCAC . . CT . TT . . GGTGAATCAT. A T . . AACTT
.A .G C T C . .C C .G A C . . .A ................................ GGTG. ATCATG. T . . AACTC
. CGTG............... CTT . . . GC ACG ATCC . T G . GTTGATTCATGAT . . AACTT
GGGCTTCTGCCCGA. CTCGC.......................... GGTGAATCATGAT. . AACTT
CCTCTGCCGG . TTCGTC.................................. GGTGAATCATGAT. . GTTTT
. . . G . CTTGCCCGA. C TC TT.......................... GGCGAATCA. G A T. . AACTT
. CGGA............... CTC . GTCCGA. . . .  CCCGCGGTGAACC. TGAT . . AACTT
CCGGGG. .




. . TGTCTTCGGA 
TCGG....................
. C . . . CCCGA. . . G A . . CGCGGTGAATCA. G A T. . AAC. .  
. C T T . . . GGGGT. . . TTTC TG . TGAATC. TG A T. . . A CT.
. . CCCGGTAT. TGCGGTGAATCATGAT. . AACTC 
. CCCCGAAACCCT. GGTGAGTCAT. ATGTAA. TC 
. GCCCGGTAACG. . G . . .A T T C ..G A T ..A A C T T  
. GCCTGTTGCTTT. GATGATTCATGAT. . AACTC 
. . . C T . . . . C T T T . GATGATTCATAAT. . AACTT 
. GGTG. T G ...............GGTGATTCATAAT. . AAGCY
.C T T . 





1 2 3 4 S)
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 S 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 ]
ACROS IPH O N IA  S P .  . CACGAACCGCATGG . CCTTGTGCCGGCG........................................................T
ULVARIA OXYS PERMA . CACGAATCGCAGGG. . TTTATCCCGGCG..........................................................
DERBESIA T E N U IS .......................................................................................................................................................
NEOMERIS ANNULATA ............................................................................................................................................
RHIZOCLONIUM S P .F W  . GACGGATTGCATGG. C C T T . GTGCCGG.............................................................






TRENTEPOHLIA S P . . CACGAATCGC. TGGTC. . GAACY. G . . A ............................................................
CEPHALEUROS V IR . . AACG. ATCGC. TGGTCCGTGAACCG. C ...............................................................
BLASTOPHYSA R H IZ O . ACACGAATC..................................................................................................................
CYMOPOLIA BARBATA ............................................................................................................................................
BATOPHORA O ERSTED ..................................................................................................................................................
UDOTEA S P . ............................................................................................................................................
BRY O PSIS PLUMOSA ............................................................................................................................................
CAULERPA PROLIFERA ............................................................................................................................................
CODIUM DECORT. ............................................................................................................................................
HALIMEDA D ISC O ID EA  ............................................................................................................................................
R H IP IL IA  TOMENTOSA ............................................................................................................................................
PE N IC IL L U S  DUMET....................................................................................................................................................
ULVA FASCIATA .CACGAATCGCAGGG. . . TTTATC........................................................................
ENTEROMORPHA IN T . . CACCAATCGCA. G G . . . TTTACCCCGGCGATG..............................................
ULOTHRIX ZONATA . CACGAATCGCATGG. C C . TTGTGC. GGC..........................................................
URONEMA BELKAE . CACGAATCGC. . GG. C C . . GCGC........................................................................
CHLAMYDOMONAS EUG. . CACGAATCGCATGG. C C T T ...................................................................................
CHLORELLA . CACGAATCGC ATGG. CCTT . GTGCCGGCG ATGTTTCATTC AAATT T C T .
ATRACTOMOR PHA ECH . . CACGAATCGCATGG. C C T T . GCGCCGGCGA....................................................
CHLOROGONIUM ELO N . . CACGAATCGCACGG. CCTCGTGCCGGC. . A T .................................................
PLEURASTRUM . CACGAATCGCATGG. C C . T T . . G C . C C ............................................................
PSEUDOTREBOUXIA . CACGAATCGTA. . G . C C . TTGTGCCG. C ..........................................................
PEDINOMONAS . T T C .................................................................................................................................
KLEBSORMIDIUM FL A . . GTCGAATCGCACGG. C C TTT. CGCTG. C . A T .................................................
SPIROGYRA MAXIMA . . TCGGACCGCAAGG. C CTC. . CGGCGGC..........................................................
151
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
. CCCGGATCGCACGG. CCTTTG. . CCGG............................................................
. GTCGGATCGCACGG. CCTTTGTGCCGGCGAC.................................................
. TTCGAATCGCATGG. C C . TTGTGCTGGCGAT. GGTTCATTC AAATTTC. 
. TCGGAA. YGCAT. G . CYTTT. . GCCGGC.AT.................................................
4]
6 7 B 9 O'
123 4 5 6 7 8 9 0 1 2  3 4 5 6 7 8 9 0 1 2  3 4 5 6 7 8 9 0 1 2 3  4 5 6 7  8 9 0 1 2 3 4 5 6 7 8 9 0 !
ACROSIPHONIA S P . GAATCAT. ATAACTTCACGAACGCATGGCCTTGTGCCGGCGGTGTTTCAT
ULVARIA OXYSPERMA . . ATCATGGTAACTTCACGAATCGCAGGGTTTATCCCGGCGATGTTTCAT 
DERBESIA T E N U IS . ACCATGACATCGATGTCGAATGCGCCGC. . . . AAGGTGCAGACGTGCCGA
NEOMERIS ANNULATA ................................ TCGGATCGCA. TGGGTCT. TGTGCC . GCGA. GTCTCAT
RHIZOCLONIUM S P .F W  ............................................GGATTGCATGGCC. TTGTGCCGGCGACGTGTCAT






TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V I R .......................................................................................................................................................
BLASTOPHYSA R H IZ O .................................................................................................................................................
CYMOPOLIA BARBATA ............................................................................................................................................
BATOPHORA O ERSTED .................................................................................................................................................
UDOTEA S P . ...........................................................................................................................................
B RY O PSIS PLUMOSA ...........................................................................................................................................
CAULERPA PROLIFERA ...........................................................................................................................................
CODIUM DECORT. ...........................................................................................................................................
HALIMEDA D ISC O ID EA  ............................................................................................................................................
R H IP IL IA  TOMENTOSA .............................................................................................................................. CACCC
PE N IC IL L U S  DUMET....................................................................................................................................................
ULVA FASCIATA ...........................................................................................................................................




CHLORELLA ATC AT GATAACTTC ACGAAT CGC AT GGC C . TTGTGCCGGCGATGTTTCAT





KLEBSORMIDIUM F L A .................................................................................................................................................
SPIROGYRA MAXIMA ...........................................................................................................................................
EQUISETUM S P . ...........................................................................................................................................
GLYCINE MAX TTC ATGATAACTCGTCGGATCGC ACGGCCTTTGTGCCGGCG ACGC ATC AT
SACCHAROMYCES TTCATAATAACTTTTCGAATCGCATGGCC. TTGTGCTGGCGATGGTTCAT
PHAEODACTYLUM S P ....................................................................................................................................................
[ 1 
[ 1 2 3 4 5 ]
I 1 2 3 4 5 6 7 8 9 0 1 2 3 4  56 7  8 9 0 1 2 3 4  5 6 7 8 9 0 1 2 3  4 5 6 7 8 9 0 1 2  34  5 6 7 8 9 0 ]
ACROSIPHONIA S P . TCAACTTTCTGCCCTATCAACTTTCGACGGTAGTATAGAGGACTACCGTG 
ULVARIA OXYSPERMA TCAACTTTCTGCCCTATCAACTTTCGAC. GTAGTATAGAGGACTACCGTG 
DERBESIA T E N U IS . TCGAGTTTCTGCCCTATCATCTT. . CTCGGTAGGATATGGGCCTACCGAG 
NEOMERIS ANNU LATA T C . . . TYTCTGCCCTATCAA. T Y . C . ATGGTAGG. TAGTGGCCTACC. T . 
RHIZOCLONIUM S P .F W  TCAAGTTTCTGCCCCATCAGGTTTCGACTGTAGTGTATTGGACTACAGTG




CLADOPHOROPSIS MEM TTGGACTAC. . A .
152
DICTYOSPHAERIA VER ...........................................................................................................................................
TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V I R .......................................................................................................................................................
BLASTOPHYSA R H IZ O ...................................................................................................................CCCCTACCACG
CYMOPOLIA BARBATA ............................................................................................................................................
BATOPHORA OERSTED.................................................................................................................................................




HALIMEDA D ISCO ID EA  ............................................................................................................................................
R H IP IL IA  TOMENTOSA AAATGATTCTGCCCTATCAACTAGACGTTG.............CTCTGGCCTACC. TG
PE N IC IL L U S  DUMET....................................................................................................................................................
ULVA FASCIATA ............................................................................................................................................










KLEBSORMIDIUM F L A .................................................................................................................................................
SPIROGYRA MAXIMA .................................................................................................................................... ATG
EQUISETUM S P . ............................ CCCTATC AACTTTCGATGGTAGG A . AGAGGCCTACCATG
GLYCINE MAX TC AAATTTCTGCCCTATCAACTTTCG ATGGT AGGATAGTGGCCT ACC ATG
S ACC HAROMYCES TCAAATTTCTGCCCT ATCAACTTTCG ATGGT AGGATAGTGGCCT ACC ATG
PHAEODACTYLUM S P ....................................................................................................................................................
[ 5 ]
t 6 7 8 9 0 ]
( 12 3 4 5 6 7 8 9 0 1 2  3 4 5 6 7  8 9 0 1 2 3 4  5 6 7 8 9 0 1 2  34  5 6 7 8 9 0 1 2 3  4 5 6 7 8 9 0 ]
ACROS I PHON IA  S P . GT AGT AACGGGTGACGG AGG ATT AGGG . TTC . GATTCCG. G A . . GAGGGA
ULVARIA OXYSPERMA GTGGTAACGGGTGACGGAGGATTAGGG . TTC .GATTCCG .GA . .  GAGGGA
DERBESIA T E N U IS . GATAC AACGGGTAACGGGAAATCAGGG. TTT . GATTCCG. G A . .  GAGGGA
NEOMERIS ANNULATA AGTYGT. ACGTGT. ACGGAGTCTTAG. . Y TT. G A TT. C G . G A . . GAGGG, 
RHIZOCLONIUM S P .F W  CCTATAACGGGTAGCGGAGGATT AGGG. TTC . GATTCCG . GA . .  GAGGGA
ANADYOMENE S T E L ..............................CGGGTAGCGG AGGATT AGGG. TTC . GATTCCG . G A . . GAGGGA
MICRODICTYON BORG.................................................G AGG ATT . GGG . TTC . GATTCCG. G A . .GAGGGA
CLADOPHORA ALB I DA ............................................. AG . ATT AGGG. T T C . G A TT. C G . G A . .  G . GGGA
CHAETOMORPHA L I NUM CCTAT . ACGGGT . GCGG AGG ATT . GGG . TTC . GATTCCG . GA . . GAGGGA 
CLADOPHOROPSIS MEM CCT . T . ACG . GTAGCGGAGGATTAGGG. TTCGGATTCCG. G A . . G . GGGA
DICTYOSPHAERI A VER ..................CGGGTAGCGGAGGATT .GGG .TTC  .GATTCCG .G A . .  GA. . GA
TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V I R ............................................................................................................................................ GGGA
BLASTOPHYSA R H IZO . GTATCGACGGGTGACGGAGGATTAGGG. T T C . GATTCCG . GA . .GAGGGA
CYMOPOLIA BARBATA ...................................................T A T . .  GGG . T T T . GATTCCG . GA . .  GAGGGA
BATOPHORA O ERSTED.............................................. GGAGGTTGAGGG . T T T . GATTCC . GGA. TT . . GGA
UDOTEA S P . GTCGTAACG. . . GTAC. GGAATGAGGG. T T C . G A . CCCG. G A . . G A . GGA
BRYOPSIS PLUMOSA .......................................... GGAAATCAGGG. TTT . GATTCCG . G A . . G A . GGA
CAULER PA PROLIFERA .............................................................. AGGG. TTC . GGCCCCG . G . . . G . GGGA
COD IUM DECORT .  ATC. GGG. T T T . GGTTCCG . GA . . GA . . GA
HALIMEDA D ISC O ID EA  ................................................................. GGG. TTC . G . CCCCG . G . . . GA .G G .
R H IP IL IA  TOMENTOSA TTATAA. . GGGTGACGGGGAAT. A . GG. T T C . GACCCCG . G A . . G A . GGA
PE N IC IL L U S  DUMET........................................................GGAATGAGGG. T T C . GACCCCG . G A . .GA.GGA
ULVA FA SCI AT A ................................................GGATTAGGG. TTC . GATTCCG . G A . . G A . . GA
ENTEROMOR PHA I N T ............................................................... ATT AGGGGTTC . GATTCCG . GAGGGAGGGA
ULOTHRIX ZONATA .GG AGT ATT AGTTCTTC . TTTTCCG . G A . . GA . . CA
URONEMA BELKAE .............................................................................T T C . GATTCCG . G A . . GA . . GA
CHLAMYDOMONAS EUG. . . . T . ACGGGTGACGGA. . A T . CAGGG. T T C . GATTCCG. G A . . GAGGGA
CHLORELLA GTGGTAACGGGTGACGGAGGATTAGGG. T T C . GATTCCG. GA . . GAGGGA
153
ATRACTOMORPHA ECH .................................................................................................................................................
CHLOROGONIUM ELON. . TGGT AACG . GTG ACG. . .  GATTAGGG . TTC . G . TTCCG. G . . .  GAGGG A
PLEURASTRUM  ATT AGGG . TTC . GATTCCG . G . . . GAGGGA
PSEUDOTREBOUXIA .GGATTAGGG . TTC . G . TTCCG. GA . .GAGGGA
PED I NOMONAS  C . GGTG AC . G . GAATT . GGG . TTC . G . TTCCG . G . . . GAGGGA
KLEBSORMIDIUM F L A  TAACGGGTGACGGAGAATT . GGG . TTC . GATTCCG . GA . .GA.GGA
SPIROGYRA MAXIMA GTTGT . ACGGGTGACGGAGAATT AGGG . TTC . GATTCCG . GA . .  GAGGG A 
EQUISETUM S P . GTGGTG ACGGGTGACGGAGAATT AGGG . TTC . GATTCCG. GA . .  GAGGG A
GLYCINE MAX GTGGTG ACGGGTGACGGAGAATT AGGG . TTC . GATTCCG . GA . .  GAGGG A
SACCHAROMYCES GTTTCAACGGGTAACGGGGAATAAGGG. T T C . GATTCCG. GA . . GAGGGA
PHAEODACTYLUM S P  G . TT . . G . TTCCG . GA . . . AGGGA
]
1 2  3 4 5 ]
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ACROSIPHONIA S P . GCCTGAGA . . .  AACGGCTACC A . CATCCAAGG AA . GGC AGCAGGCGCGCA 
ULVARIA OXYSPERMA GCCTGAGA. . .  AACGGCTACCA. CATCCAAGG AA . GGC AGCAGGCGCGCA 
DERBESIA T E N U IS . GCCTGAGA. . .  AACGGCTACCA. CATCT AAGG AA. GGC AGCAGGCGCGCA 
NEOMERIS ANNULATA GCC. GAGA . . . .  ACC. CTACCA. Y . TCCAAGAG. . AACGCA. C A . GCGC. 
RHIZOCLONIUM S P .F W  GCCTGAGA.. . AACGGCTACCA. CATCCAAGGAA. GGCAGCAGGCGCGCA 
ANADYOMENE S T E L . GCCTGAG. . . .  A . CGGCTACCA. CATCC. . G G . . . GGCAGCA. GCGCGC. 
MICRODICTYON BORG. GCCTGAGA. . .A.CGGCTACCA. C . TCCAAGG. A . GGCAGC. GGCGCGC. 
CLADO PHORA ALBIDA GCCTGAG . . . .  A . CGGCTACCA. CATCC. . GGAA. GGCAGCAGGCGCGC. 
CHAETOMORPHA LINUM GCCTGAGA. . .  A . CGGCTACCA. CT ACC AAGG . . .  GGCAGC AGGCGCG. .
CLADOPHOROPSIS MEM GCCTG.GA CGGCTACCA. CATCC A . GG . A . GGCAGC AGGCGCGC .
DICTYOSPHAERI A VER . CCTGAG.............. CGGCTACCA. CATCCAAGG . . . GGCAGCAGGCGC . . .
TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V I R . GCCTGAGA. . . AACGGCTACCA. CATCCAAGGAA. .GCAGCAGGCGCGC. 
BLASTOPHYSA R H IZ O . GCCTGAGA. . . A . CGGCTACCA. CAACCAAGGTA. G G . AGCAGGCGCG . . 
CYMOPOLIA BARBATA GCTTGAGA. . . C . TGGCTACCA. CATCCAAGG . A . GGCAGC . GGCGCGAA
BATOPHORA O ERSTED . . CCTGAG A ..........CGGC, . CC . . YTTCC . . GG . . . GGC . GC . GGCGC . . .
UDOTEA S P . GCCTGAGA.........CGGCTACCA. CATCT AAGG AA . GGC . GC . .  GCGCGCA
BRYOPS IS  PLUMOSA GCCTGAGA.........CGGCTACCA. . ATCCA. GGAA . GGCAGCA. GCGCGCA
CAULERPA PROLIFERA GCCTGAGA.. . G . CGGCTACCA. CATCTAAGGAA. GGCAGCAGGCGCG. .  
CODIUM DECORT. GCCTGAGGC. . . . CGGCTACCA. CATCC. .GGAA. G G C .G C . .GCGCGC.
HALIMEDA D ISC O ID EA  GCCTGAGA.. . G .C G G C T .C C .. . . T C T . AGGAA. GGCAGCATGCGCG. .  
R H IP IL IA  TOMENTOSA CCCT . AGA . . .  GACGGCTACCA . CATCTAAGGAA . GGCAGC AYGCGCGC . 
PE N IC IL L U S  DUMET. GCCTGAGA.. . GACGGCTACCA. CATCTAAGGAA. GGCAGCAGGCGCGCA
ULVA FASCIATA GCCTGAG................CGGCTACCA . CATCC . A . .  AA . GGCAGC A . GCGCGCA
ENTEROMOR PHA I NT . GCCT. AGG............. CGGCTACCAGCATCCGAGGAA . GGCAGC . GGCGCGCA
ULOTHR IX  ZONATA . CCTGAG.................C . GCT ACC A . . ATCC . . GGAACGGCAG . . GGCGC . . .
URONEMA BELKAE GCCTGAGG. . . AACGGCTACCA. CATCC. . GGAA. GGC. G C . . . CGCGC.
CHLAMYDOMONAS EUG. GCCTGAG..............CGGCTACCA. CATCCAAGGGA. GGCAGCAGGCGCGT .
CHLORELLA GCCTGAGA. . . AACGGCTACCA. CATCCAAGGAA. GGC AGC AGG CGCGC A
ATRACTOMORPHA ECH ..................................................................................................................................................
CHLOROGONIUM ELON . GCCTGAG ACGGCTACCA. CATCC . AGGAA. GGCAGC . GGCGCGC.
PLEURASTRUM GCCTGAG................CGGCTACCA. CATCC . AGGAA. GGCAGC . . GCGCGC.
PSEUDOTREBOUXIA GCCTGAG................CGGCT . CCA . CATC . . . GGAA . GGCAGC . . GCGC . C .
PEDINOMONAS GCCTGAGA. . . AACGGCTACC. . CATC. AAGGAA. GGC. GCGGGCGCGC.
KLEBSORMIDIUM FL A . GCCTGAGA . . .  AACGGCTACCA. CATCC AAGGAA . GGCAGCAGGCGCGC . 
SPIROGYRA MAXIMA GCATGAGA . . .  AACGGCTACCA. CATCCAAGGAA. GGCAGC . . GCGCGC . 
EQU I SETUM S P . GCCTGAGA . . . AACGGCTACCA . CATCCAAGGAA. GGCAGCGGGCGCGCA
GLYCINE MAX GCCTGAGA. . . AACGGCTACCA. CATCCAAGGAA. GGCAGCAGGCGCGCA
SACCHAROMYCES GCCTGAGA. . . AACGGCTACCA. CATCCAAGGAA. GGCAGCAGGCGCGCA
PHAEODACTYLUM S P . C C C T. AGA. G . GACCGGTACCA. C . T C C . AGGAA. GGCA. . AGGCGC. . A
I
6 ]
6 7 0 9 0]
12 34 5 6 7 8 9 0 1 2 3  4 5 6 7 8 9 0 1 2 3  4 5 6 7 8 9  0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 ]
ACROSIPHONIA S P .  
ULVARIA OXYSPERMA 
DERBESIA T E N U IS .
AATTACCCAA . . TCCT .GACACAGCG. . AGG........... TAGTG. A . CAATAA
AATTACCCAA. . TC C T. GACACAGCG. . AGG........... TAGTG. A . CAATAA
AATTACCCAA. . TCCCG . ACGGG . G . . .A G G ........... TAGT . .A .C .A .  . .
154
NEOMERIS ANNULATA AA. . . YAC . C . AAY. C . A . AYGTTGG. . A .................T .GT . . A . CAA . A .
RHIZOCLONIUM SP . FW AATTACCCAA . . TCCC . AATTCAGGG . . AGG........... TAGTG . A . CAAGAA
ANADYOMENE STEL . . ATTACCCAA. . TCCC . AATT . . GGG . . AGG..T . GTG . A . , . . GAA
MICRODICTYON BORG. . ATT . CCC . A . . TCCC . AATTC . GGG . . AGG..T .GTG . A . . . .GAA
CLADOPHORA ALBIDA . ATTACCCAA. .T C C C .A A .. .A G G G ..A G G ........... T A G T G .A .. . AGAA
CHAETOMORPHA LINUM . ATT . CCC . A . .  TCCC. AATTC . GGG . .  AGG.......... T . GTG . A . . . .GAA
CLADOPHOROPSIS MEM . ATTACCC AA . . TC . C . AAC . .  AGGG. .  AGG..T . GTG . . . C . .GAA
DICTYOSPHAERIA VER .A TTCCCC.A . .Y C C C .A .T T . .GGG. .A G .............T .G T G .A . . . .GAA
TRENTEPOHLIA S P ......................................................................................................................................................
CEPHALEUROS V IR  . . ATTACCCAAA. TCCC . AAGGT . . GG . . AGG TGGTG . G . . . . GAA
BLASTOPHYSA R H IZ O . . ATTACCCAA. . TCCTG. AC . CGGGG. .  AGG TAGTG. A . CAATAA
CYMOPOLIA BARBATA AATTACCCAA. . TCTAG . ATATTGTG . . AGG TAGTG . A . CAATAA
BATOPHORA O ERSTED . . ATY . CCCAA . . T . C . . GACATTGTG. . AG ............... T . G TG . . . CGACAA
UDOTEA SP . AATT . CCCAA . . TTCCC . . . CTTGGG . GAGG TAGTGGA . CAAGAT
B R Y O PSIS PLUMOSA AATT. CCCAA. . TCCCGAA. . . . GGGTGAGGTAGGGTAGTG. A . C . AGAC
CAULERPA PROLIFERA . ATT . CCC AAT . TCCT . CTT . .  GGGG . .  AGG............TGGTG . A . C . AGAT
COD IUM DECORT . AATTACCCAA . . TCCCC . . . . C . GGGTGAGG............T . GTG . AGCGAGAC
HALIMEDA D ISC O ID EA  AATT . CCC AAT. TCCC ACTT . . .  GGG. GAG TAGTG . A . C . AGAT
R H IP IL IA  TOMENTOSA . ATTACCC AAT. TCCC . CYT . . . GGG AG AGG...........TAGT. . A . CAAGAT
PEN IC IL L U S  DUMET . AATT . CCC AAT. TCCC ACTT . . . GGG AG AGG............. T . GTG . A . CAAGAT
ULVA FA SC I AT A AATTACCCAA . . TCCTGA . . . .  AGGG. . AGG.............TA . TG . A . CAATAA
ENTEROMORPHA IN T . AATTACCCAA . .  TCCTG. .  G . CAGGG. .  AGG............TAGTG . A . CAATAA
ULOTHR IX  ZONATA . AT . . CCC . . CTTCCT. . . .  AGAGA..............................T . GTG . A . CAATA.
URONEMA BELKAE . ATTACCCAA . .  TCC . GA GGG .G  .G G ................. GTG.A.CAATAA
CHLAMYDOMONAS EUG. AATTACCCAA . . TCC . GAGTACGGGG. . AGG...TAGTG . A . CAATAA
CHLORELLA AATTACCCAA . . TCCTGAC. ACAGGG. . AGG...TAGTG . A . CAATAA
ATRACTOMORPHA ECH .................. CCC , A . . TCCTGA . . . CAGGG . . AGG.............TAGT. . A . . . AGAA
CHLOROGONIUM ELON. AATTACCCAA. .TCCCGA. . . .GGGG. .A G G ..........T A ................................
PLEURASTRUM . ATTACCCAA. . TCCTGA GGGG. . AGG.............TAGTG . A . CAATAA
PSEUDOTREBOUXIA . ATTACCCAA. . TCCTG. T . . CAGGG. . AGG.............T A . TG . A . CAATAA
PEDINOMONAS . ATTACCCAA. . TC C . GAG .A . . GGG. . AGG AGTG . GAC . AGAA
KLEBSORMIDIUM F L A . . A T T . CCCAA. . TCCTG. T . . CAGGG. . AGG...........TAGTG . A .C  . ATAA
SPIROGYRA MAXIMA . ATTACCCAA. .  TC C T CA G G G ..A G G .............TAGTG . A . C . AT . A
EQUISETUM S P . AATTACCCAA. .  TC C . GAC. ACGGGG. .  AGG............TAGTG . A . CAATAA
GLYCINE MAX AATTACCCAA. . TCCTGAC. ACGGGG . .  AGG............TAGTG . A . CAATAA
SACCHAROMYCES AATTACCCAA. . TCCT AAT . TCAGGG . . AGG............TAGTG . A . CAATAA
PHAEODACTYLUM SP . AATTACCCAA. . TCCTGAC . . CAGGG . .A G ...............T . G . G . A . CAATAA
I ]
t 1 2 3 4 5]
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ACROSIPHONIA S P . AT ATC . AAT ACTG . GGC . T ............. TCGGGTCCGG . TAAT . TGGA . . ATGA
ULVARIA OXYSPERMA AT ATC . AATTCTG . GGC............C ACATGGTCCGG . TAAT . TGGA. .  ATGA
D ERBESIA T E N U IS ......................................................................................................................................................
NEOMERIS ANNULATA AT . AC . AATGC .G .GGC .T  . -TT . TAAG . YYY . G . TAAT . TGGA. .ATGA 
RHIZOCLONIUM SP .FW  AT AGC . AATGCGG. GGC. T . . .  TA C. T . . . .  CTG . CAAT . TGGA. .  ATGA
ANADYOMENE S T E L . AT AGC. AAT . CGG . AGC. T  TCGTG . TTCTG . CAAT ATGG A . . ATGA
MICRODICTYON BORG . AT AGC. AATGCGG. AGC. T . . . . TCGTG . TTCTG . CAAT . TGGA. . ATGA
CLADOPHORA A LBI DA AT AGC. AAT . C . GC . G C . T T  T . . . . CTCTG. CAAT . TGGA. . ATGA
CHAETOMORPHA L I NUM AT AGC. AATGCGGG . GC . T  TT . CGTTCTG. CAAT . TGTA. . ATGA
CLADOPHORO PS IS  MEM AT AGC . AATCG . AG . . CA T TT . . . CTCTG. CAAT . TG AA . . ATGA
DICTYOSPHAERI A VER AT AGC . AAT . . G . G A . CTTCG . G ............. CTCTG. CAAT . TGGA . .  ATGA
TRENTEPOHLIA S P ......................................................................................................................................................
CEPHALEUROS V IR . ATAACGA. TGCTCCGGC................. CTCTGGTCGGGTAAT . CGGA . .  ATGA
BLASTOPHYSA RH IZ O . AT AAC. AGTATCTG . G C . T . C T . . C . AG . TCCGAT . GCT . TGGA . . AT . A 
CYMO POL IA  BARBATA AT AAC. AATGTT . GGAC. T T . . GT AAAG . TTTGGTA. AT . TGTA . . ATGG 
BATOPHORA O ERSTED . AT AAC. AATGCC . GGGC. T T . . ATC AAG . TTTGGTA . AT . TGGA. . ATGA 
UDOTEA S P . AT AAC. AAT ATC . GGGC . T . . CT . . GAG . TCTGGTA. A T . TGCA. . ATGA
BR YO P S I S  P LUMOSA GTAAC. AACGTC . GTGC . T . . CATAGAG. T . GGGACGAT. TGGA..............
CAULER PA PROLIFERA . T . A C . AATATC. GGGC . T . . C T . AGAG. TCTGGTA. A T . TGCA. . ATGA 
CODIUM DECORT. ATAAC. AACGAC. GTGC . T . . CAACGAG. T . GGGTCGAT. TG G . . . . TGG
HALIMEDA D ISC O ID EA  AT AAC . AAT ATC . GGGC . C .................. GG . TCTGGTA. AT . TGCA . .  ATGA
R H IP IL IA  TOMENTOSA AT AAC. AAT ATC . GGGC . T . . CTCA. AG . TCTGGTA. AT . TGCA . . ATGA
155
PE N IC IL L U S DUMET. ATAAC 
ULVA FASCIATA ATATC
ENTEROMORPHA IN T . ATATC 
ULOTHRIX ZONATA A T . AC 
URONEMA BELKAE ATAAC
CHLAMYDOMONAS EUG. ATAAC 
CHLORELLA ATAAC
ATRACTOMORPHA ECH. A T . AC
CHLOROGONIUM ELON...............................
PLEURASTRUM ATAAC. AATA
PSEUDOTREBOUXIA ATAAC. AATA 
PEDINOMONAS ATATC.GTGA
KLEBSORMIDIUM FLA . ATAAC. AATG 
SPIROGYRA MAXIMA ATAAC.AATA 
EQUISETUM S P . ATAAC.AATA
GLYCINE MAX ATAAC.AATA
SACCHAROMYCES ATAAC. GATA
PHAEODACTYLUM S P . A T A C C ..A ..
, AAT ATC. GGGC. T . . CTCAGAG. TCTGGTA. A T . TGCA. 
, AAT . TCTGGGC . . . .  CACAT . G . TCCGGTA. AT . TGGA. 
. A .T .  TCTGGGC . . . .  CACTTGG . TCCGGTA. AT . TGGA. 
. .A T A .C T G C .C . . . -CA. . .G G .T C Y G G T ,.A T .T G G A . 
. AATA. CCGGGCA. T T T . . A T . G . TCTGGT. .  . T . TGGA. 
, AATATCGGGCATC. . C A . A T . G . TCTGATA. A T . TGGA. 
. AATA. CTGGGCCTTTTC . A . GG . TCTGGTA. AT . TGGA. 
, . A . A . GGAGCTT. CGGCTTTCC................T .  . .T  .TGGA.
.ATGA 




. A T. . 
.ATGA 
.ATGA
CCGGGCATTT. . AAT. G 
CCGGGCTTTTTCAA. .G 
CTGTGCCCT. T . G T . GG 
CTGGGCTTTTCAAA. .G 
CCGGTCTCTT. . ATGTG 
CTGGGCTTTTACAA. .G 
CCGGGCTCA. TTGA. .G 
CAGGGCCCA. TTCG . GG 
CCGGGCC. TTTC . A . GG
.TCTGGTA.AT 
.TCTGGTA.AT 
. CAGAGT. . CT 
. TCTGGCA. AT 
. ACTGGTA. AT 
.TCTGGTA.AT 
.TCTGGTA.AT 
. TCTTGTA. AT 
. TCTGGCT. .T
. TGGA. . ATGA 
. TGG . . .  AT . A 
. TCGAAAGTGA 
.TG G A ..A TG A  
. T G . A . . ATGA 
. TGGA. . ATGA 
. TGGA. . ATGA 
. TGGA. . ATGA 
.T .G A ..A T G A
t 7 ]
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ACROSIPHONIA S P . GTAC. AATCTAA...........................................................................................................
ULVARIA OXYSPERMA GTAC. AA.......................................................................................................................
DERBESIA T E N U IS .......................................................................................................................................................
NEOMERIS ANNULATA G . A C . A . CGTA. A .......................................................................................................
RHIZOCLONIUM SP.FW  GTAC................................................................................................................................
ANADYOMENE S T E L . GAAC. AATTT. AA. CCACTT....................................................................................
MICRODICTYON BORG. GAAC. AATTTAAA. CCACTTAA.............................................................................
CLADOPHORA ALBIDA GTAC. AATTTAAA. TCACTTAAC. A . TA TC .......................................................
CHAETOMORPHA LINUM GAAC. AATTTAAA. CCACTTAAC. A . . . T C .......................................................
CLADOPHOROPSIS MEM GAAC. AATTTAAA. CCACTTAAC. A . . ATC.......................................................
DICTYOSPHAERIA VER GAAC. AATTTAAA. CCACTT...................................................................................
TRENTEPOHLIA S P ......................................................................................................................................................
CEPHALEUROS V IR . GAAC. . ATTTA. . . TCCCTTA.................................................................................
BLASTOPHYSA R H IZO . . TAG. AATCTAAA. TCCCTTAAC. A .....................................................................
CYMOPOLIA BARBATA AGT. . AATCCTTGAAC..............................................................................................
BATOPHORA OERSTED. GTAC. A . CGTAAAYGCCTTA...................................................................................
UDOTEA S P . GCAG. TGCTCAAA. CCCATCTGCAA. . AACAA..................................................
BRYOPSIS PLUMOSA A T . . . .ATCTAA..CCCCCCATC...........................................................................
CAULERPA PROLIFERA GCAG. TGCTTAAA. CCCATCT. C ...........................................................................
CODIUM DECORT. . A . A . . ACTTAAAATCCC. C A ..................................................................................
HALIMEDA D ISCO ID EA  GCAG. TGCTCAAA. CCCATCT. CAA.....................................................................
R H IP IL IA  TOMENTOSA G .A G .T G C T C ...............................................................................................................
PE N IC IL L U S  DUMET. GCAG. TGCTCAAA. CCCATCTGCAA.....................................................................
ULVA FASCIATA GTAC. AATGTAAA. C . C C T . AAC. A .....................................................................
ENTEROMORPHA IN T . GTAC. AATGTAAA. C . CCTTA................................................................................
ULOTHRIX ZONATA GTAC. AATCTAAA. TCCCTTA................................................................................
URONEMA BELKAE GTAC. AATCTAA. . . CCCTTAA.............................................................................
CHLAMYDOMONAS EUG.................................................................................................................................................
CHLORELLA GTAC. AATCTAAA. CCCCTTAACGA. GGATCAATTG......................................
ATRACTOMORPHA ECH . G T . C . . ATCT. AA. TCCCTT. AC. AAGGC..........................................................
CHLOROGONIUM ELON.................................................................................................................................................
P LEURAST RUM GTAC. AATCTAAA.TCCC.........................................................................................
PSEUDOTREBOUXIA GTAC. AA. CTAAA.......................................................................................................
PEDINOMONAS GCAA. TACGTAAA. . GCCT. T . CGA.....................................................................
KLEBSORMIDIUM FLA . GTGC. . ATCTAAA. TCCCTCAAC...........................................................................
SPIROGYRA MAXIMA . . CGGAATC. A ............................................................................................................
EQUISETUM S P . GTAC. AATCTAAA. TCCCTTAAC...........................................................................
GLYCINE MAX GTAC. AATCTAAA. TCCCTTAACGATGGATCCAT...........................................
SACCHAROMYCES GTAC. AATGTAAA. TACCTTAACGAGGAACAAT..............................................
PHAEODACTYLUM S P . GAAC. . ATTT. AA. CCCCTT. TCGAA..................................................................
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ACROS I PHON IA  S P . A C............... H . . .  GTATCGTGTTGGTCTGTAGGACCGGAGTAATGATTAAG
ULVARIA OXYSPERMA T ATCGTGTT . GTCT AT AGG ACC AG AGT AATG ATT AAGAGG. ACAG. TCGG
DERBESIA T E N U IS . CGTCCTGT TGGCTTGGCGTC ATGG AGC AACG ATCGGT AGG AGTGGCT CGG
NEOMERIS ANNULATA CCGT ACGT CGGTCTGC GG Y ACCGG AGT AATG ATCG AT AG AGT C AG ATCGG
RHIZOCLONIUM S P .F W  TCCTTGTTGGCCCTGTAGA. . GTTGGTAATGGCCT AAT AGGG ACGGTCGG






TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V I R .......................................................................................................................................................
BLASTOPHYSA R H IZ O .................................................................................................................................................
CYMOPOLIA BARBATA ............................................................................................................................................
BATOPHORA O ERSTED.................................................................................................................................................
UDOTEA S P . ............................................................................................................................................
BRY O PSIS PLUMOSA ............................................................................................................................................
CAULERPA PROLIFERA ............................................................................................................................................
CODIUM DECORT. ............................................................................................................................................
HALIMEDA D ISC O ID EA  ............................................................................................................................................
R H IP IL IA  TOMENTOSA ............................................................................................................................................
PE N IC IL L U S  DUMET....................................................................................................................................................
ULVA FA SCIA TA  ............................................................................................................................................










KLEBSORMIDIUM F L A .................................................................................................................................................
SPIROGYRA MAXIMA ............................................................................................................................................
EQUISETUM S P . ............................................................................................................................................
GLYCINE MAX ............................................................................................................................................
SACCHAROMYCES CT ATTTTGT TGGTTTCT AGG ACC ATCGT AATG AT TAAT AGGG ACGGTCGG
PHAEODACTYLUM S P ....................................................................................................................................................
[ 8 ) 
[ 6 7 8 9 0]
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ACROS I PHON IA  S P . GGGC ATT CGT ATTCC ATTGTC AG AGGTG AAATTCTTGG AT T T ATGG AAG A 
ULVARIA OXYSPERMA GGGCATTCGTATTCCGTTGTCAGAGGTGAAATTCTTGGATTTACGGAA. A 
DERBESIA T E N U IS . GGGCGT C CGT ACCG ACGGG AG AG AGGTG AAATTCTTGG AC CCCGTCG AG A 
NEOMERIS ANNULATA GG ACGTT CCTATTTCGTTGTC AG AGGTG AAATTCTTGG ATT T ACG AAAG A 
RHIZOCLONIUM S P .F W  GGG. ATTCGTATTTCGCT. TCAGAGGTGAAATTCTTGGATTTGCGAAAGA
ANADYOMENE S T E L .......................................................................................................................................................
MICRODICTYON BORG.................................................................................................................................................




TRENTEPOHLIA S P ..................................................................................................................................ACGGAAGA
CEPHALEUROS V I R .......................................................................................................................................................
BLASTOPHYSA R H IZ O ...........................................................................................................................CCGATAGA
CYMOPOLIA BARBATA
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BATOPHORA O ERSTED ...............................................................................................................................................G
UDOTEA S P . ...........................................................................................................................................
B R Y O PSIS PLUMOSA ...........................................................................................................................................
CAULERPA PROLIFERA ...........................................................................................................................................
CODIUM DECORT. ...........................................................................................................................................
iSALIMEDA D ISC O ID EA  ...........................................................................................................................................
R H IP IL IA  TOMENTOSA ...........................................................................................................................................
P E N IC IL L U S  DUMET....................................................................................................................................................
ULVA FASCIATA ...........................................................................................................................................










KLEBSORMIDIUM F L A .................................................................................................................................................
SPIROGYRA MAXIMA ...........................................................................................................................................
EQUISETUM S P .  TTGTCAGAGGTGAAATTCTTGGATTT ATG AAAGA
GLYCINE MAX  GGTGAAATT CTTGG ATTT ATG AAAGA
SACCHAROMYCES GGGCATCGGTATTCAATTGTC . GAGGTG AAATTCTTGG ATTT ATTG AAGA
PHAEODACTYLUM S P ....................................................................................................................................................
( 1
[ 1 2  3 4 5 ]
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ACROS I PHON IA  S P . CGAAC ATCTGCG. AAAGC ATTT GTC AAGG ATGTTTTCATT . . GATCAAGA 
ULVARIA OXYSPERMA CGAACATCTGCG. AAAGCATTTGCCAAGGATGTTYTCATT . -GATCAAGA 
DERBESIA  T E N U IS . CGAACTCATGCG. AAAGC AGTCGCCAAGG AC ACTTCC. TT ATG ATC AAGA 
NEOMERIS ANNULATA GG ATC AAC TGCG. .  AAGC ATT CGT CAAGGGGGTCCT CGTT . .  GATCAAGA 
R HIZOC LONIUM S P .F W  . GAACTACTGCG. AAAGC ATTTGCCAAGGACGCTT. C A TT. . . GTCAA. .
ANADYOMENE S T E L ............................................................... TTTGCCAAGGACGCTTTCGTT . . AGTCAAGG
MICRODICTYON BORG................................... G . AAAGCATTTGCCAAGGACGCTTTCATT . . . GTCAAGG
CLADOPHORA ALB I DA . .  AACT ACTGCG. AAAGC ATTTG. C AAGG ACGCTTT. ATT . .  AGTCAAGG
CHAETOMORPHA LINUM ........................................................................................... TTTCGTT , . GGTCGAGG
CLADOPHOROPSIS MEM ....................TGCG . AAAGC A . TTGCC AAGG ACGCTTTC ATT . . AGTCAAGG
DICTYOSPHAERIA VER ...........................................................................................................................................
TRENTEPOHLIA S P . CGAACTTCTGCG. AAAGC ATTTG. C AAGG ATGTTTTCATT . .GATCAAGA
CEPHALEUROS V I R .......................................................................................................................................................
BLASTOPHYSA RH IZ O . CGAACCATCT . G . A . AG. ATTTGCCAAGGATCGTTTTCTTT .GATC . . . .
CYMOPOLIA BARBATA .................................. AAAGCATTTGTCAAGGGTATCTTCATT . .GATCAAGA
BATOPHORA OERSTED. GATCCAACTGCG. AAAGC ATT . .CC . . GGGCGCTCTCGTT. .GATCAAGA
UDOTEA S P . .................................................................................. TCCTCT . ATT . . .ATCAATA
B R Y O PSIS PLUMOSA ...........................................................................................................................................
CAULERPA PRO LIFERA  ....................TTCG. AAAGC AATTGCC AAGG ACC. TTCTCCT ATG ATC AAT A
COD I UM DECORT . . . . .  CCTAAGCG. AAAGC AGTCGCCAAGG AC ACTTCC. TTGTGATCAAGA
HALIMEDA D ISC O ID EA  ......................................................TTG C. . . GG AAGTCC . C . TT . CGATC AAG A
R H IP IL IA  TOMENTOSA TCAACTAATGC . . AAA. . AGTTGCC . AGG A . CGTCCTCT YAT . ATC AAGA 
P E N IC IL L U S  DUMET......................................................   GG ATGTTCTC. TT ATC ACC AA. A
ULVA FASCIATA 








PSEUDOTREBOUXIA CGAACTTCTGCG. AAAGCATTTGCCAAGGATGTTTTCATT. . AATC. . GA
PEDINOMONAS ...........................................................................................................................................
.......................................... GCATT. GCCAAGGATGTTTTCATT. .CATCAACA
.............................G . AAAGCATTTGCCAAGT. TGTCTTCATT. . AATCAA. A
CCTACCACTGCGC AAAGC ATTTGCC AAGG ATGTTTTC ATT . . CATCAAGA 
CGAAC T ACTGCG. AAAGC ATTTGCC AAGG ATGTTTTC ATT . . AATC AAGA 
CGAACT ACTGCG. AAAGC ATTTGCC AACG ACATCCTCATT . . GATCAAGA 
. . . .  CTTCTGCG. AAAGC ATTTGCCAAGG ATGTTTTCATT . . GATC AAG .
158
KLEBSORMIDIUM F L A ...........................................................................AAGGATGTTTTCATT
SPIROGYRA MAXIMA ...............................................................................................................
CGAACT. CTGCG. AAAGCATTTGCCAAGGATGTTTTCATT 
CGAACAACTGCG. AAAGCATTTGCCAAGGATGTTTTCATT 
CTAACTACTGCG. AAAGCATTTGCCAAGGACGTTTTCATT
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
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ACROSIPHONIA S P . 
ULVARIA OXYSPERMA 
DERBESIA T E N U IS . 
NEOMERIS ANNULATA 
RHIZOCLONIUM SP .FW  






TRENTEPOHLIA S P . 
CEPHALEUROS V IR . 
BLASTOPHYSA R H IZO . 
CYMOPOLIA BARBATA 
BATOPHORA OERSTED. 
UDOTEA S P .
BRY O PSIS PLUMOSA 
CAULERPA PROLIFERA 
CODIUM DECORT. 
HALIMEDA D ISCO ID EA  
R H IP IL IA  TOMENTOSA 
P E N IC IL L U S  DUMET. 
ULVA FASCIATA 










KLEBSORMIDIUM FLA . 
SPIROGYRA MAXIMA 
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 











. . . AAAGTT. 
A.GAAAG.T.
............... G .T .
. . GAAAGTT, 
AC. . . AGTT. 
AC. . . AGTT. 
. . . AAA. C T ,
................. T T .
. . .A A A G .T, 
. CGAAAGTT. 
A TC. AAGCT. 
. CGAAA. T T . 
G .T A A A G .T .
A . GAAAGTT 











. . GGGGGC. TCGAAG. ACG...........A T T . AGAT. ACC. G T .
. . GGGGGC. TCGAAG. ACG...........A T T . AGAT. ACC. G T .
. . GGCGGA. TCGAAG. A TG...........ATT . AGAT . ACC . GT .
. . GGGGGA . TCGAAG .A T .................. T T . AGAT . ACC . AT .
. CGGGGGA . TCGAAG - AC................ATT . AGAT . ACC . GT .
. CGGGGGA. TCGAAG. ACG.............A T T . . G A T. . C C . G T .
. CGGGGGA. TCGAAG. ACG...........A T T . . G A T. . C C . G T ,
. CGGGGGA. TCGAAG. ACG...........A T T . AGATA. . . . G T .
. CGGGGCA. TCGAAG. ACG...........A T T . . GATC. C C . G T .
. CGGGGGA. TCGAAG. ACG...........A T T . AGATA. . C . G T .
. . . GGGGA. TCGAAG. A TG ...........A T T . AGATA. C C .G T .
. C . GGGGC. TCGAAG. ACG...........A T T . AGATA. C C .G T .
. CGGGGGC. T C G . C G , -C G ...........C T T . . G G T A .C C .G T .
. . GGGGGC . TCGAAG . ATG .............A T T . AGATA. CCGGT .
. . GGGGGA. TCG . .G  . ATG .............A T T . AGATA. C C . AT .
. . GGGGGA. TCGAAG. ATG........... A T T . AGATA. C C . A T .
CGGGGG. A . TCAAAC. A . T ........... A T T . AAATA. C C . G T .
.GGAGGGA. TCGAAG. ATG........... A T T . .  . A T . . CCYGT.
. CACGGGA. TCAAA. . ATG.............A T T . A .A T A -C C .G T .
. . .G G G .A .TC G A A G .A TG .............A T T .A ..T A .C C .G T .
. . GGGGCA. T . . AAGCATG. . . . AATT. AGATA. C C . . T .
. . CCCGCA. TCAAAG. ATG........... A T T . AGATA. C C . G T .
.C .G G G G . . TCAAAG. ATG.............ATT.AGATA. . . .G T .
. . GGGG . C . TCGAAG . ACG.............A TT. AGATA. C C . GT .
. . . G G G .C.TCG A A G .A CG ........... A T T . ACATA. C C . G T .
. GGGGG . C . T C .....................................TY . AGATA . CC .GT .
. GGGGG. C . TCGAAG. ACG........... A T T . AGATA. C C . G T .
AGGGGG. C . TCGAAG. ACG........... A T T . AGATA. C C . G T .
. GGGGG. C . TCGAAG. ACG........... A T T . AGATA. C C . G T .
. GGGGG. C . TCGAAG. ACG........... A T T . AGATA. C C . G T .
. . GGGG. C . TCGAAG. ACG.............A T T . AGATA. C C . G T .
. . G G G G .C .T C .A A G . .C G .............ATT. .G A T A .C C .G T .
. GGGGG. C . TCGAAG. ACG........... A TT. AGATA. C C .G T .
. . GGGG. A . TCGAAG. ACG........... A TC. AGATA. C C . .T .
. GGGGG. C . TCGAAG. ACG........... A TC. AGATA. C C .G T .
.................C .-C G A A G .A C G ..............A T T . AGATA. C C . G T .
.G . . .G .C .T C G A A G .A C .............. A TC. A . ATA. C C .G T .
.GGGGG . C . TCGAAG . ACG............ATC . AGATA . CC . GT .
. AGGGG. A . TCGAAG. ATG............A TC. TGGTA. C C . G T .
.......................TCGAAG. ATG..............A T T . AGATA. C C . A T .
1 2 3 4 5]
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ACROSIPHONIA S P . . .CGTAG
ULVARIA OXYSPERMA . .CGTAG 
DERBESIA T E N U IS . . .CGTAG
NEOMERIS ANNULATA . . CCTAG 
RHIZOCLONIUM S P .F W  , .CGTAG 
ANADYOMENE S T E L . . .CGTGG 
MICRODICTYON BORG. ..C G T .G  





. T C T C . A . CATAAACGATGCCAATT 
. TCTCGACCATAAACGATGCCAATT 
. TCTCGACCATAAACGATGCCAATT 
. TCTCGACCATAAA. GATG. CAATT
. AGGGA. . TGGCGGATGT 
. AGGGA. TTGGCGGGTGT 
. GGGGA. TCGTCGGGCT.
. GGGGA. TCGGCGGGTG.
. AGGGA. TTGGAGGG. G .







TRENTEPOHLIA S P . 
CEPHALEUROS V IR . 
BLASTOPHYSA R H IZO . 
CYMOPOLIA BARBATA 
BATOPHORA OERSTED. 




HALIMEDA DISCO ID EA  
R H IP IL IA  TOMENTOSA 
PE N IC IL L U S  DUMET. 
ULVA FASCIATA 










KLEBSORMIDIUM FLA . 
SPIROGYRA MAXIMA 
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
. . CG T. G . TCTCGACCATAAACGATGCCAATT. . GGGA 
. . CGTAG. TCTCGACCATAAACGATGCCAATT. AGGGA 
. . CGTAG. TCTTAACCATAAACTATGCCAACT. AGGGA 
. . CGT AG. TCTCGACCAT AAACGATGCCGACT . AGGGA 
. . CGTAG. TCTCGACCATAAACGATGCCG. C T . AGGGA 
. . CGTAG. TCTCAACCATAAAC. ATGCCCACT. A . . GA 
. . CCTAG. TCTCAACCATAAACCATGCCAATT. AGGGA 
. . CCTAG. TCTCAACCATAAACTATGCCAAYA- . GGGA 
. . C . T A . . TCCCGACCATAAATGATGCCAACT. GAGCG 
. . C G T. G . T C C T . ACCGT. AACGATGCC. T C T . . GGGA 
. . CGTA. . T C C . . ACCATAAAT. A T . C C . ACY- . A . CA 
. . CGTAG. TCCCAACTGTAAACTATGCCATCT-GGGGA 
. . C . TAGATCCCCACCAT. AATGATGCCCACT-GAGGC 
. . CGTAG. TCCAGACCATAAATGGACTCGACT-GAGCG 
. GTGTAG. T . . . GACCATAAAT. A . G C . AACT. G A T . G 
. . CGTAG. TCTCAACCATAAACGATGCCGACT. AGGGA 
. . CGTAG. TCTCAACCATAAACGAT. CCGACC. AGGGA 
. .C G .A G .. C . CAACCATAA. CGAYGCC. A . T - AGG. A 
. . .GTAG.TCTCAACCATAAACGATGCCGACT.A. GGA 
. . CGT AG. TCTCT ACC AT AAACGATGCCG ACC . AGGGA 
. . CCTAG. TCTCAACCATAAACGATGCCGACT. AGGGA 
. . CGTAG. TCTCAACCATAAACGATGCCGACT. AGGGA 
. . CGTAG. TCTCAACCATAAACGATGCCGACT. AGGGA
 T A G .. CTCAAY. . T . . ACGATGCC. A . T . AGG. A
, . CCTAG. TCTCAACCATAAACGATGCCGACT. AGGGA 
. C . TAG. TCTCTACCATAAACTAT. CCGACT. AGGGA 
. . CCTAG. TCTCAACCATAAACGATGCCGACT. AGGGA 
. CCTAG. TCCCAACCGTAAACGATGCCAACC. CCGAA 
. CCTAG. TCTCAACCATAAACGA. G C . GACT. AGGGA 
. CCTAG. TCTCAACCATAAACGATGCCGACC. AGGGA 
. CGTAG. TCTTAACCATAAACTATGCCGACT. A . . GA 








. TCGGCGGG. GT 
-T .G G C G ..A G C  
. TC TG T. . C A .A  
. TTGGCAACT. C 
- T C G ,. . .GGGC 
. T T A . G . GTCCA 
. TCGGCGATCCG 
. TCGGCGATGGC 
. TTGGC. . GGGG 
. TTGCC. . . GGG 
.T .G G C . . .GGG 
. TCGGT. . GG. A 
. TTGGC. . A . GG 
. TCGGC. .GGAT 
. T T G . C . . AGGG 
. TTGGC. . A . GG 
. TTGTGCC. GAT 
. TTGGC . . GGGT 
. TTGGT• .GGAC 
. TTGGC. . G . GA 
.TTG G C ..G C A C
. TTC G  GA
. TCAGC. . G . GA 
. TCGGG. .T  .GG 
.TTGGC. . GGGG
I 1 1  
0]
6 7 8 9 0]
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ACROSIPHONIA S P . 
ULVARIA OXYSPERMA 
DERBESIA T E N U IS . 
NEOMERIS ANNULATA 
RHIZOCLONIUM SP .FW  






TRENTEPOHLIA S P . 
CEPHALEUROS V IR . 
BLASTOPHYSA R H IZO . 
CYMOPOLIA BARBATA 
BATOPHORA OERSTED. 
UDOTEA S P .
BRY O PSIS PLUMOSA 
CAULERPA PROLIFERA 
CODIUM DECORT. 
HALIMEDA D ISCO ID EA  
R H IP IL IA  TOMENTOSA 
PE N IC IL L U S  DUMET. 
ULVA FASCIATA 
ENTEROMORPHA IN T . 
ULOTHRIX ZONATA
TTGTTTGATGA. . . 






. GATC. .A .A T G C . 
•GATC. .ATATGC.
. GATA. GATAT. C .
. T A T . AAATA. . . .  
TTTTTTTATGA. C . 
GTTTTTTATG. . C . 
ATTTAT. TTCGA. .  
TGATTAG. T . GAC.
. CTTTACGT. G TC.
C . T . . . ACCGGA. .  
GTTTAAGG. A T. . .  
T T C T . CCATTTCAA 
TGATG. . AATTG. .
ACT ACC A .............T . A
TTCGGCGGTACA. . .  
GGCY. YYY. . CCGGA 
TGTTTTTTT. . ATGA 
TG TTTTTTT. GATGA 





. CTCCT. CCA. 
. CTCCT. CCA . 
.C T C C T .C C A . 
.C T C C T ..C A . 
. CTCCT. CCA. 
. CTCCT. CCA. 
.C .C C A .C C A . 
. CT . CT . CCG .
. GCA. C . C T T . ATGAGAAATCA
. GCA. C . C .....................................
. CC . . C . TG . . . . 
. GCA. C . C T T . C .
. GCA. C . C T T . CCGCGAAAGCA 
. G C . , C . C T T . C . . C . AAAGCA 
. GCA. C . C T T . CCG . GAAAGCA 
. GCA. C . C T T . CCGCGAAAGCA 
. GCA. C . C T T . CCGCGAAAGCA 
. GCA. C . C T T . CYGAGAAA. CA 
. G . A . C . C T T . A C . AGAAATCA 
. C T . C T . CCG. . GGCA. C . C T T . . CGAGAAATCA 
C TTC T. CCG. . . GCA. . . CTCCATGAGAAATCA 
. CTCGT. . C G . . . GCA. C . C A T . ATTAGAAATTA 
CTCGT.CGG. . .C .C .C .C T .  . . TGAGAAA. CA 
. . . C G T . . C . . . . GCG. C . Y . T Y . A . A . AAA. TA 
. CTGAC. TCGACGGCACC. C T T . . CGAGAAATCA
.C .C C . .C C .T .  . .C A .......................... AAAAAT . A
. C . . C G . CCG. . . GCACC. C T C . . CGAGAAATTA 
. CGTAC. T C . . . . GCA. CTC Y T. . A . A . AAATTA
. GTCGG . CGCTA. TG A ...................... GAGAAATTA
. GTCGG . . CGGGTTAT...................... GAG . AATT .
. CTCCG. C . A . . . GCA. C . CTCA . TGAGAAATCA 
. CTCCG. CCA . . . GCA. C . CTC A . TGAGAAATC A 












EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
. TTTTTT A . . . CTCCG . TGG . . . GCA. C . CTTA
TGTTCCTTT. GATGA. . CCCTG. CCA. . . GCA. C . CTTG 
GTTTCTTC. . GATGA. . CTCCG. CCG. . . GCA. C . CTTA 
TGTTTTTTC. GATGAC. CTCTG. . C A . . . GCA. C . CTTA 
g t t t t a t t  _GATGA. . CCCTG. CCA . . . GCA. C . CTTA 
GTTTATTC. . AATTA. .C T C C G .C C A .. . .C A .C .C T Y A  
GTTCTTTC. -G A T G A ..C C C C G -C C A .. . G C A .C .C T T A  
GTTGTTTT. TCC. GA. . CTCCA. TCA . . . GCA. C . CTTA 
TGTTAATTT. GATGA. . CTCCG. CCA. . . GCA. C . CTTA
GTAAGACTT. GACG T . C G . CCA. . . GC . . C . CCGA
TGTTACTTC. AATGA. . CTCTG. CCG. . . GCA. C . CTTA 
TGTTGCTTTT. AGGA. . CTCCG. C TG . . . GCA. C . CTTA 
TGTTTTTTTAATGACC. CAC. . . TCG . . . GTA. C . CTTA 
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ACROSIPHONIA S P . 
ULVARIA OXYSPERMA 
DERBESIA T E N U IS . 
NEOMERIS ANNULATA 
RHIZOCLONIUM SP .FW  






TRENTEPOHLIA S P . 
CEPHALEUROS V IR . 
BLASTOPHYSA R H IZO . 
CYMOPOLIA BARBATA 
BATOPHORA OERSTED. 
UDOTEA S P .
B RY O PSIS PLUMOSA 
CAULERPA PROLIFERA 
CODIUM DECORT. 
HALIMEDA DISCO ID EA  
R H IP IL IA  TOMENTOSA 
P E N IC IL L U S  DUMET. 
ULVA FA SCIATA 










KLEBSORMIDIUM FLA . 
SPIROGYRA MAXIMA 
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
• A.
. AAAT. . TTAT. GGCTTC.
. AAAT. . TTATGGGCTT. .
. AAAT. . TTATGGG. . . C .
. AAAT. . TTATGGGCTTC.
. AAAT. . TTATGGGCTTC.
. AAAT. . C T . TGGG. YTCC 
.A A G T . .T . . TGGG. TTCC 
.A A G T .. TGTTGGG. TTCC 
. AAGT. . CTTTGGG. T T C . 
TAAAT. . CTACAGGCTT. .  
TAAAT. . . T . TGGGC. TCC 
. AAGT. . CTTT. GG. CTCC 
.A A G A .. CTATGGGCTTCC
. AAGT . . C T T T ............... CC
AAAGA. T C T . TGGGCTTCC 
. AA. T . . CTTT. G . . . . C C . 
.A A G T .. CTTT. GG. C T . C . 
. AGGT. . C T . TGGG. C T . C . 
. AAGT. . TTTTGGG. TTCC. 
. AAGT. . CTTTGGG. TTCC. 
. AAGT. . YTTTGGG. YTCC. 
. . A . T . . CTTTGGG. TTC C . 
. GAGT. . CTTTGGG. TTC C . 
. AAGT. . TTTTGGG. TTC C . 
. AAGT. . TTTTGGG. TTC C . 
. . AGT. . TTTTGGG. TTC C . 
. AAG. . . . T T T . . . . T T C C . 
. . AGT. . TTTTGGG. T T C C .
.A A G T ..C T T T .......................
. . AGT. . TTTTGGG. TTC C . 
. .A G T .. CTTTGG. . .T C C . 
. AAGT. . CTTTGGG. T T C C . 
. AAGT. . CTTTGGG. TTC C . 
. AAGT. . CTTTGGG. T T C T . 
CAAGT. . CTTTGGG. TTC C .
.G G G G .. AGTAT.......................






.GGGGGGGA. . A . . . . .  











GGGGGG AGTATGGTCG C AAGGCTG AAAC TT
GGGGGGAGTATGGTCGCAA.............................
GGGGGGAGT ATGGT C ........................................
. .GGGGAGTATG.................................................
GGGGGGAGTATGG..............................................
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ACROS I PHON IA  S P . AC...................... G.A .........................................................................ATTGACGGAAGG
ULVARIA OXYSPERMA TGGTCG C AACGGCTG AAACTT AAAGG AATT G ACGG AAGGGC ACC ACC AGG
D ERBESIA T E N U IS .............................................................................................................................................. ..
NEOMERIS ANNULATA ...........................................................................................................................................
RHIZOCLONIUM SP.FW  ......................................................................................ACGG AAGGGC ACC ACC AGG






TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V I R .......................................................................................................................................................
BLASTOPHYSA R H IZ O .................................................................................................................................................
CYMOPOLIA BARBATA ...........................................................................................................................................
BATOPHORA OERSTED.................................................................................................................................................
UDOTEA S P . ...........................................................................................................................................
BRY O PSIS PLUMOSA ...........................................................................................................................................
CAULERPA PROLIFERA ...........................................................................................................................................
CODIUM DECORT. ...........................................................................................................................................
HALIMEDA DISCO ID EA  ....................................................................................................................... ...................
R H IP IL IA  TOMENTOSA ...........................................................................................................................................
PE N IC IL L U S  DUMET....................................................................................................................................................
ULVA FASCIATA ......................................................................................................................................










KLEBSORMIDIUM F L A .................................................................................................................................................
SPIROGYRA MAXIMA ...........................................................................................................................................
EQUISETUM S P . ...........................................................................................................................................
GLYCINE MAX ...........................................................................................................................................
SACCHAROMYCES GGTCGCAAGGCTGAAACTT AAAGG AAT TG ACGG AAGGG CACCACTAGGAG
PHAEODACTYLUM S P ....................................................................................................................................................
( 1
( I
[ 1 2 3 4 5 ]
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ACROSIPHONIA S P . . . TGGCAGCGGC. TTAATTTGACTCAACACGGGAAAACTTACCAGGTCCA
ULVARIA OXYSPERMA CGTGG. .  GCGGC. TT AATTTG ACTC AAC ACGG. AAAACTT ACCAGGTCCA
DERBESIA T E N U IS ................................................. T AATTTG ACTC AAC ACGGG AAA . CTTACCGGGTTTG
NEOMERIS ANNULATA  CA. GGCGGCTAATTTGACTCAACGCGGGAAAACCTACTAGGTC. A
RH IZOC LON I UM S P . FW CGTGG. . . GCGGCTT AATTTG ACTC AACACGGG AAAACTT ACCAGGTCCA






TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V I R .......................................................................................................... AAACTTACCAGGTCCA




UDOTEA S P .  CAAAGCTTACTAGGTTTG
B RY O PSIS PLUMOSA ...........................................................................................................................................
CAULERPA PROLIFERA ...........................................................................................................................................
CODIUM DECORT. ...........................................................................................................................................
HALIMEDA D ISC O ID EA  ...........................................................................................................................................
R H IP IL IA  TOMENTOSA ...........................................................................................................................................
PE N IC IL L U S  DUMET....................................................................................................................................................
ULVA FASCIATA ...........................................................................................................................................





ATRACTOMOR PHA ECH............................................................................................ GGAAA. CTTACCAGGTCCA




KLEBSORMIDIUM F L A .................................................................................................................................................
SPIROGYRA MAXIMA ...........................................................................................................................................
EQUISETUM S P . ................................................................................................AAACTTACCAGGTCCA
GLYCINE MAX ...........................................................................................................................................
SACCHAROMYCES TGGAGCCTGCGGC. TAATTTGACTCAACACGGGGAAACTCACCAGGTCCA
PHAEODACTYLUM S P ....................................................................................................................................................
2 ]
6 7 8 9 0 ]
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ACROSIPHONIA S P . GACATAGGAAGGATTGACAGATTGATAGCTCTTT. CTTGATTCTATGGGT
ULVARIA OXYSPERMA GACATAG. AAGGATTGACAGAT. GAGAGCTCTTT. CTTGATTCTATGGGT 
D ERBESIA T E N U IS . . ACGCAGGTAGGATGGACAGATTGAAAGCTCTTT. CTTGATTCCGTGGAT 
NEOMERIS ANNULATA GACATAG. AAG. ATTGACAGATTGATAGCTCTTT. CTTGATTCTATGGGT 
RHIZOCLONIUM S P .F W  GACAAGATTAGGATTTACAGATTGATAGCTCTTT. AAAGATTTTTTGGAT
ANADYOMENE ST E L ....................................................................................... CTCTTT . . AA. ATTT . TTGGAT
MICRODICTYON BORG................................................. CC . GATTGAT . GCTCTTT . . AAGATTTTTTGGAT
CLADOPHORA ALB I  DA .............................................................TGAGAGCTCTTT . GAAAGATTTTTGGAT
CHAETOMORPHA LINUM ............................................................................................................................................
CLADOPHOROPS1S MEM ..................................................AGATTGATAGCTCTTT . .  AAGATTTTTTGGAT
DICTYOSPHAERIA VER ............................................................................................................................................
TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V IR . GACATGGTA. . GAT.GACAGATTCATAGCTCTTTC. TTGGTTCTATGGGT
BLASTOPHYSA R H IZ O .................................................................................................................................................
CYMOPOLIA BARBATA  TTTGAT - GC . . T T T . CTTGATTCT . TGGGT
BATOPHORA O ERSTED............................................................................................ TTT . CTTGATT. .A . GGG.
UDOTEA S P .  GACACTTGAATGAGGGACATATTGA. AGCTCTTA. CCTTTTTTTGTGGAT
B R Y O PSIS PLUMOSA .............................................................................CTCTTT . CTTGATTC . CT . GAT
CAULERPA PROLIFERA .............................................................................C TC TTA . CC . T . TCTTGTGGAT
CODIUM DECORT. ............................................................................. C T C T T T . CTTGATTC. CT . GAT
HALIMEDA D ISCO  IDEA ............................................................................. C TCTTA . CCCTACTGCGTGGAT
R H IP IL IA  TOMENTOSA  AC AT ATT . A . AGCTCTT A . C C TTTT. TTGTGGAT
PEN IC  IL L U S DUMET..................................................................................... CTCTTA. CCTTTTTTTGTGGAT
ULVA FA SCIATA  CTATGGGT
ENTEROMORPHA IN T . GACATGGA. . . GATTGACAGATTGAGAGCTCTTT. CTTGGTTCTATGGGT
ULOTHRIX ZONATA ............................................................................................................................ATGG.T
URONEMA BELKAE  TTCTAT.GGT
CHLAMYDOMONAS EUG............................................................................................ T T T . . TTGATTCT . TGGGT
CHLORELLA GACATAGTGAGGATTGACAGATTGAGAGCTCTTT. CTTGATTCTATGGGT
ATRACTOMORPHA ECH. GACACTTGGGAGGATGACAGATTGAGAGCTCTTT. CTTGATTCGGTGGGT 





KLEBSORMIDIUM F L A ................................................................................................................................................
SP  IROGYRA MAXIMA .................................... TGACAGACTGATAGCTCTTT. CTTGATCATAT. . .  .
EQUISETUM S P .  GACATAGTAAGGATTGACAGATTGAGAGCTCTTT . CTTGATTCTATGGGT
GLYCINE MAX ....................AAGGATTGACAGACTGAGAGCTCTTT . CTTGATTCTATGGGT
SACCHAROMYCES G AC AC AATAAGGATTG AC AGATTG AG AGCTCTTT. CTTGATTTTGTGGGT
PHAEODACTYLUM S P ............................................................................................................................. C . .  TGGGT
[ 1
[ ]
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ACROSI PHONIA S P . GGTGGT . GCATGGCCGTT . CTT A . GTTGGT . GGG . T . TGCCTTGTC . . AG
ULVARIA OXYSPERMA GGTGGT .GCATGGCCGTT . CTT A .GTTGGT .GGG .T-TGCCTTGTC . .  AG
D ERBESIA  T E N U IS . GGTGGT. GCATGGCCGAT. CTCA. GCCCGT. GGG. T . TGACCTGTC. . AG
NEOMERIS ANNULATA GGTGGT . GCATGGCCATT. CTTA . GTTCGT. GGG. T . TGCC-TG TC. . TG 
RHIZOCLONIUM S P . FW GGTGGT . GCATGGCCGTT . CTTA . GTTCGT . GGA . T . TGATTTGTC. . AG
ANADYOMENE ST E L .......................T . . CATGGCC . . T . CTT . . . TTCG T. GGA . T . TGATTTGTC. . . .
MICRODICTYON BORG. . G T  CATGGCC . TT . CTT . . GTTCGT. GGA. T . TGATTTGTC. . AG
CLADOPHORA ALB I  DA G G T .G . . GCATGGCCGTT . CTTA . GTTCGT. GGA . T . TGATTTGTC. .AG
CHAETOMORPHA LINUM .....................CATGGCC . . T . CTTA . GTTCGT . GGA . T . TGATTTGTC. . AG
CLADOPHOROPSIS MEW GGT. G . .  GCATGGCCGTT . CTTA . GTTCGT . GGA . T . TGATTTGTC. .  AG
DICTYOSPHAERIA VER ...........................................................................................................................................
TRENTEPOHLIA S P . . .  T . GT . GCATGGCCGTT . C T T . . GTTGGT . GG. . T . TGGCTTGT...............
CEPHALEUROS V IR . G . TGGGGGCATGGCCGTT-CTTA .GTTGGT .GG .GT . TGGCTTGTC . .GG 
BLASTOPHYSA R H IZ O . . . T . . T . GCATGGCCGTT . CTTA . GTTGGT . GG . GT . TGGCTTGTC. . AG
C YMO POL IA  BARBAT A GGTGGT . GCATGGCC. TT . TTT . . GTTCGT . G G . G T . TGCCCTGTC. . TG
BATOPHORA O ERSTED ................. T . . . ATGGCCATT . C TTA . GTTC . T . GG . G T . TATCTTGTC. . TG
UDOTEA S P . GGTGGT . GC . TGGTCGTT . CTCA . GCCCGT . G G . GT . TGACCTGTC . . AG
BR Y O PSIS PLUMOSA G T T . G T . GCATGGCCGAT. CTCA. . C C C . T . G G .G T . TGACTT, T C . .AG
CAULERPA PRO LIFERA  GG . .G T . GCATGGTCGTT . CTCA . GCC. GT . GG . GT . TGACCTGTC . . AG
COD IUM DECORT. GGT . G T . GCATGGCCGAT . CTCA . GCC. GT . GG . G T . TGACCT . TC . . AG
HALIMEDA D ISCO  IDEA . GT . GT - GC ATGGTCGTT . CTCA . GCCCGT . GG - G T . TGACCTGT. . .AG 
R H IP IL IA  TOMENTOSA GGTGGT. GC . TGGTCGTT. CTCA . GCCCGT . G G . GT . TGACCTGTC . .AG 
P E N IC IL L U S  DUMET. GGT. GT . GC ATGGTCGTT. CTCA . GCCCGT . G G . GT . TGACCTGTC . .AG 
ULVA FA SCIA TA  . GTGGT-GCAT .GCCGTT . CTTA .GTTGGT .GG .GT . TGCCTTGTC . .  AG
ENTEROMORPHA I  NT . GGTGGT - GCATGGCCGTT . CTTA. GTTGGT . GG . G T . TGCCTTGTC . . AG
ULOTHRIX ZONATA AGTT. . . G . ATGGCCGTT. C T . . . GTTGAT. GG. GTCTGGCCT. T . . C . .
URONEMA BELKAE GGT . GT . G . ATGGCCGTT. CTTA . GTTGGT . GG . GT . TGCCTTGTC . . AG
CHLAMYDOMONAS EUG . GGT. GT . GC . TGGCCGTT. CTT . . GTTGGT . GG . GT . TGCCTTGTC . . AG 
CHLORELLA GGTGGT . GCATGGCCGTT . CTTA . GTTGGT. GG . G T . TGCCTTGTC . . AG
ATRACTOMORPHA ECH . GGT . GT .GCATGGCCGTT . C TTA . GTTGGT . GG . GT . TGCCTTGTC . . AG 
CHLOROGONIUM ELON . G . T . . T .GCATGGCCGTT. CTTA .GTTGGT . GG . GT . TGCCTTGTC . . AG 
PLEURASTRUM . . TGGT . GCATGGCCGTT. C TTA . GTTGGT . GGGGT . TGCCTTGTC . . AG
PSEUDOTREBOUXIA ...............................GCCGTT. CTT A . GTTGGT . GG. G . .TGCCTTGTC. .AG
PEDINOMONAS  GCATGGCCGTT . CTTA. GTTGGT. GGAGT. . GATT TGTC . . TG
KLEBSORMIDIUM FL A .   .....................................................................................................................................
SPIROGYRA MAXIMA GGTGGT . GCATGGC . G T T . C TTA . GTTGGT . GGAGT . . GATTTGTC . .  TG
EQUISETUM S P  . GGT AGT . GCATGGCCGTT. C TTA . GTTGGT. GGAGT . .GATTTGTC . . TG
GLYCINE MAX GGTGGT. GCATGGCCGTT . CTTA. GTTGGT. GGAGC . . GATTTGTC. . TG
SACCHAROMYCES GGTGGT. CCATGGCCGTTTCTCA. GTTGGT . GGAGT . . GATTTGTC. . TG
PHAEODACTYLUM SP . GGT . GT . G . ATGGCCGTTGCT . A . GTTGGT . GGAGT . . GATTTGTC . . TG
( 1
t 3 ]
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ACROS I  PHONI A S P . GTTGATTCCGCTAACGAACG AG ACCTC . AG. CCTGCT AAA. TAG. TG ACG 
ULVARIA OX YS PERMA GTTG ATT CCGGTAACGAACG AG ACCTC . A C . CCTGCT AAA. TA G . TGACG 
DERBES IA  T E N U IS . GTTCACTCCGGTAACGCGCGAGACCTC . G A . CCTGCC AAA . TA G . CGCCC
NEOMER I S  ANNULAT A GTT . GCTCCGTTAACGAACG AG ACCTC . AG. CCTGCT AAA . TAG . GCGTC 
RHIZOCLONIUM S P .F W  GTTG ATTC CGGT AACGG ACG AG ACCCC . AA. CCT ACTAAC. T AG. CTCTG 
ANADYOMENE S T E L . . TTGATTCCGGT .A C  A . ACCCC . AA. CCT ACTAAC. TA . . CTCTG
164
MICRODICTYON BORG. GTTGATTCCGGT. A C  AGACCCC. AA. CCTACTAAC. T A . . CTCTG
CLADOPHORA ALBIDA GAAGATTCCGGTAACGGACGAGACCCC. . A . CCTACTAAC. TA G . CCCTG 
CHAETOMORPHA LINUM GTTGATTCCGGTAACGGA. GAGACC. . . AA. CCTACTAAC. TA G . CTCTG 
CLADOPHOROPSIS MEM GTTG. TTCCGG. . ACGGA. G . GACCC. . G . . CCTACTAAC. TA G . C T C T .
DICTYOSPHAERIA VER ...........................................................................................................................................
TRENTEPOHLIA S P . GTTGATTCCGGTAACGAACGAGACCTC. AG. CCTGCTAAA. TAG. T A . CT 
CEPHALEUROS V IR . GTTGATTCCGGGAACGAACGAGACCTC. AG. CCTGCTAAA. TA G . TTCCC 
BLASTOPHYSA R H IZ O . GTTGATTCCGGT. ACGAACGAGACCTC. C G . CCTGCTAAA. TA G . CCACT 
CYMOPOLIA BARBATA GTTGACTCCGTTAACCAACGAGATCTC. AA. CCTACTAAA. T A . . G TA T. 
BATOPHORA OERSTED. GTTGACTCCGTTAACCA. . .A .A C C T C . AG. C C T . CTAAA. . A . . CGGCC 
UDOT EA S P . GTTTACTCCGGTAACGCGCGAGACCTC. GG. TTTGCTAAA. TA G . ACCGG
B RY O PSIS PLUMOSA GTTCACTCCG. TAAY. Y . YGAGACCCC. GA. C C T . CCAAA. TA G . CACCT 
CAULERPA PROLIFERA GTTTACTCCGG. . ACGCGCGAGACCTC. G G . TTTGCTAAA. TA G . ACGTG 
CODIUM DECORT. G TTC. CTCCGGTAAY. Y . C . AGACCTC. GA. CCTGCCAAA. TAG. C . . . .
HALIMEDA D ISCOIDEA G T T T . . . CCGGTAACGCGCGAGACCTC. G G . TCTGCTAAA. TAG. ACCGG 
R H IP IL IA  TOMENTOSA GTTTACTCCGGTAACGCGCGAGACCTC. GG. TTTGCTAAA. TAG. ACGCG 
P E N IC IL L U S  DUMET. GTTTACTCCGGTAACGCGCGAGACCTC. GG. TTTGCTAAA. TA G . ACACG 
ULVA FA SCIATA GTTGATTC.GGTAACGAACGAGACCTC. AG. CCTGCTAAA.TAG. TGACG
ENTEROMORPHA IN T . GTTGATTCCGGTAACGAA. GAGACCTC. AG. CCTGCTAAA. TAG. TGACG
ULOTHRIX ZONATA . TTGATTCCGGTAA CGA. ACY. Y . A . . C C . GCTAAA. . A . . . G . . T
URONEMA BELKAE GTTGATTC. GGTAACGAACGAGACC. C - AG. CCTGCTAAA. TA G . TCAC. 
CH LAMYDOMONAS EUG. GTTGATTCCGGT. ACGAACGAGACCTC. AG. CCTGCTAAA. TA G . TCGGC 
CHLORELLA GTTGATTCCGGTAACGAACGAGACCTC. AG. CCTGCTAAA. TA G . T C A . C
ATRACTOMORPHA ECH . GTTGATTCCGGTAACGAACGAGACCTC. AG. CCTGCTAAA. TAG. TCGCG 
CHLOROGONIUM ELON. GTTGATTCCGGTAACGAACGAGACCTC- AG. CCTGCTAAA. TAG. T C A . . 
PLEURASTRUM GTTGATTCCGGTAACGAAGGAGACCTC. AG. CCTGCTAAA. TA G . TCCTA
PSEUDOTREBOUXIA GTTGATTCCGGTAACGAACGAGACCTC. AG. CCTGCTAAA. TA G . TCACG 
PEDINOMONAS GTTAATTCCGTTAACGAACGAGACCTC.GA. CCTGCTAAA. TAGGTTC. A
KLEBSORMIDI UM F L A ......................................AACGAACGAGACCTC . AG . CCTGCT AAC . TAG . TTACA
SPIROGYRA MAXIMA GTTAATTCCGTTAA. GAACGAGACCTC. AG. CTTGCTAAC. TAGGCTA. A 
EQUISETUM S P . GTTAATTCCGTTAACGAACGAGACCTC. AG. CCTGCTAAC. TAGTTACGC
GLYCINE MAX GTT AATTCCGTTAACGAACGAGACCTC. AG. CCTGCTAAA. TAGCTAT. T
SACCHAROMYCES CTTAATTGCGATAACGAACGAGACCTT. AA. CCTACTAAA. TA G . . TGGT
PHAEODACTYLUM S P . GTTAATTCCGTTAACC. ACGAGACCCC. T G . CCTGCTAAA. TAGCCCAGT
[ 1
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ACROSIPHONIA S P . A . . . TTG . CTTTGGCAGTTGGCCCGCTTCTT. AGAGGGA. . C TG TT. GGC
ULVARIA OXYSPERMA TY .TTCG .A G  
D ERBESIA T E N U IS .
NEOMERIS ANNULATA 
RHIZOCLONIUM SP.FW  






TRENTEPOHLIA S P - TTCGGTT. . . C CC. . . A .G C A . . A . C TTC TT. A . A . . . A . . C TA TT. A .C  
CEPHALEUROS V IR . CCCGCCTCGGTGGGGGTCGAG. . A . CTTG TT. AGAGGGA. . CTA TT. AGC
BLASTOPHYSA R H IZO . CCGGGG....................G . C . . CCG. . GCTTCTT. AGAGGGA. . CTATG. GCT
CYMOPOLIA BARBATA T . ACATCATTGTAGAAATATA. TACCTTCTT. AGGGGAA. .CTATC.AGT 
BATOPHORA OERSTED. . TC TC . . C T T . . AGGAGTGCCC. . . C Y T C Y T .A .A .G G A . . C . . T C . GGC
UDOT EA S P . CTGTTTC. G . CAC. . CCGCGCT. . . C T T . T T . A . AGAGA. . G TC TT. GAC
BRY O PSIS PLUMOSA C . . . . GGCAT. CCGGGTGC. G C . G . C T T . T T . GGAGGGA. . C TTC C . GGT 
CAULERPA PROLIFERA GCTCTCTCGGCACCCA. . . . C . T T . C TTC TT. AGAGAGA. A C T . .C .G A T  
CODIUM DECORT. . ACCGGCCCTTCC. GATGG. C . . ACCTTCTT. GGAGGGA. . CTGGC. GCG
HALIMEDA D ISCO ID EA  CTG TTT. .GCAC CCGCGC. T . C TTC TT. A . AGA. AGACC. . . .GAC
R H IP IL IA  TOMENTOSA GCTGTTTCGGCAC. .C C G C G C T .. . C TTC TT. AGAGAGA. .G T C T C .G .C  
P E N IC IL L U S  DUMET. GCTGTTTCGGCAC. . CCGTGCT. . . C T T C T T .A .. GAGA. . G TC TT. GAC 
ULVA FASCIATA TCTGCTT. . . CGGCAGTCGCGC. G . CTTG TT. AGAGGGA. . C TG TT. GGC
. . G T . CTG. GCG. G ...............................................................................................
. . GTTTCGAC. AGATACGT. C ..........................................................................
. . GY . A .............CGCA . TAGCCAGCTTCTT , AGAGGGA. . CTCTC. GG .
. . CTTGAATCTCA. - C A .C . . A . C T . C T T . A . A . . .A . .C T C T C . . .A  
. . CTTGAATCTCAGGCAGC. . AGCTTCTT. AGAGGGA. .C T C T ..G G A  
. . G T T . CTTTGCAGCAGCTGT. G CTTCTT. AGAGGGA. . CTCTC. GGA 
. . GTTGATTTCCACCAGC. . . AGCTTCTT. AGAGGGA. .CTCTC.GGA 
ACCTGAACTTCAGGTAGCC. . AGCTT. T T . AGAGGGA. . C TC TC . GGA
165










KLEBSORMIDIUM FLA . 
SPIROGYRA MAXIMA 
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
. . . . ATTGCTCGGCAGTCGCGC. 
T . . C . . CYTYGGCAGTTGGCAC.
C  GCGGC AGG . AG .
GGT C C TTTCTGG ATCGCC. C G . , 
GGTTGGTTCGCCAGCCGGC. GG. 
CTCGCTCTGGCAGGTGGTT. G . ,  
ATACCTTTGGTACGCGCCT.G. .  
A T . CTTCTCGCGGTTAGCT. G . .  
GCTGCTTTYCAGT. . . CGGCAG. 
GTATCGATGCGTCGATGCTTGG. 
CGG AG AT TCTTCT C CGTGG CCA.
C G . . TTTTGTTGG. G . A C ...........
GAAG. ACTTGTCTTCGTGGCCA. 
. GAG. GTAACCCTCCACGGCC. .  
GCT AGC ATTTGC TGGTT ATCC. . 
G . GTGAAT. TCACTGACCAGG. .
G . C T T . T T . AGAGGGA. 
A . C T T . T T . AGAGGGA. 
A . C T T . T T . AGAGGGA. 
A . C T T C T T . AGAGGGA. 
A . C T T C . TTAGAGGGA. 
A . C T T . T T . AGAGGGA. 
A . C T T . T T . AGAGGGA. 
A . CTTGGTTAGAGGGA. 
A . C T T . T T . AGAGGGA. 
AGCTT. . TTAGAGGGA. 
A . C T T C T T . AGAGGGA. 
A . C TTG . TTAGAGGGA. 
A . C T T C T T . AGAGGGA. 
AGCTTCTT. AGAGGGA. 
A . C T T C T T . AGAGGGA. 
. GCTTCTT. AGAGGGA.
.CTGTT.GGC 
C T .T T .G G C  






C T T T T . GGC 
.C T .T C .G G A  
. CTATTTGGC 
. C TG T. GAGG 
. C TA T. . GGC 
. C T A T . . GGC 
. C TA T. . CGG 
-C .G T ..G C G
[ ]
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ACROSIPHONIA S P . GTCTAGCC.....................................................................................................................
ULVARIA OXYSPERMA ...........................................................................................................................................
D ERBESIA T E N U IS .......................................................................................................................................................
NEOMERIS ANNULATA ...........................................................................................................................................
RHIZOCLONIUM S P .F W  A .T .G A A G . . . .T Y . TTCG . AG.............................................................................
ANADYOMENE ST E L . A . T . . . AA. . . CCAA..................................................................................................
MICRODICTYON BORG. A . T . . . A A .. .CCAA.................................................................................................
CLADOPHORA ALBIDA A . T . . A A A .. . CCGAA.GGGA. .G G T .G ............................................................
CHAETOMORPHA LINUM A .T .T A A . . . .C C A A .. .A ......................................................................................
CLADOPHOROPSIS MEM A .T .G A A A .. .C C A A ..G G A A ................................................................................
DICTYOSPHAERIA VER ...........................................................................................................................................
TRENTEPOHLIA S P ....................... ATCA...................................................................................................................
CEPHALEUROS V IR . G . ATTTTCA. . CTAATT. . AA. T ....................................................................
BLASTOPHYSA R H IZO . C . G . . . AATAGGCCAT. GGAA.........................................................................
CYMOPOLIA BARBATA T . . . CAAA. . . CCGAT. GGAAG.............................................................................
BATOPHORA OERSTED. G . . .C A A ........................................................................................................................
UDOTEA S P . . .A .G .A G . . . TCAAG. GGAAGTC.........................................................................
BRY O PSIS PLUMOSA G . A . G . AA. . . C C . . . .G G T T . AA........................................................................
CAULERPA PROLIFERA . . A . . . AA. . . T C . AG.GGAA. T ..........................................................................
CODIUM DECORT. A .G . . . AG. . . C C . . . . GGACGCG........................................................................
HALIMEDA D ISC O ID EA  . . . . A . AG. . . T C . AG.GGAA................................................................................
R H IP IL IA  TOMENTOSA G . A . G . AG. . . T . GAG.GG......................................................................................
PE N IC IL L U S  DUMET. G . A . G . AG. . . TTGAG. GGAAGTC........................................................................
ULVA FASCIATA G . T . CTAG. . . CCAATTGGAAGTATGA........................................................
ENTEROMORPHA IN T . G . T . CTAG. . . CCAAT. GGAAGTAT..............................................................
ULOTHRIX ZONATA G . T . C T .G . . . CCAAT.GGAAGTAT. A ........................................................
URONEMA BELKAE -------TTAG. . . G CA A T.G . AAGTA.........................................................................
CHLAMYDOMONAS EUG. G . T . TTAG. . .TCAAT.GGAA..........................................................................
CHLORELLA G . A . CTAG. . . CCAAT. GGAAGCATGAGGCAATAACAGGTCTGTGATG. .
ATRACTOMORPHA ECH. GC . . .AAG. . . TCAAT . GGAAG.............................................................................
CHLOROGONIUM ELON. G . T . TTAG. . . CCAAT.GGAA. T ....................................................................
PLEURASTRUM G . T . T T . G . . . TCAAT. GGAA. T A T ..............................................................
PSEUDOTREBOUXIA G . A . CTAG. . . CCAAA. GCAAGTGTG...........................................................
PEDINOMONAS T . . . C C . . A . . CCGGT. GGAAGT....................................................................
KLEBSORMIDIUM FLA . GTCTACAG. . . CCAAT. GGAA. TTTGA........................................................
S PIROGYRA MAXIMA C G . CTTAG. . . CTCAT. GGAAGGTTT...........................................................
EQUISETUM S P . CGTCT . AGG. . C C . A T . GG....................... ..............................................................
G LYCINE MAX C G . CTTAGG. . C C . AC. GGAAGTTTGAG......................................................
SACC HAROMYCES T T . T C . AAG. . CCGAT. GGAAGTTTGAGGCAATAACAGGTCTGTGATGCC
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ACROSIPHONIA S P . CGCACGCGCGCTACACTGATACGTTCAACAAGT...............................................
ULVARIA OXYSPERMA CGC ACGCGCGCTAC ACTGAT ACGTT C AACG AG.............CTCCTTGACCGAG
DERBESIA T E N U IS ......................................................................................................................................................
NEOMER IS  ANNULATA ........................................................................................................................... GTCGAG
RHIZOCLONIUM SP.FW  . . . ACGCGCGCTACACTGATGCATTCAACGAGCC. . TACCCTGTGCCGAG






TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V IR . CGCACGCGCGCTACACTGATGTATTCAACGAGTCTATAGCCTTGGCCGAC
BLASTOPHYSA R H IZ O .................................................................................................................................................
CYMOPOLIA BARBATA ...........................................................................................................................................
BATOPHORA OERSTED.................................................................................................................................................




HALIMEDA DISCO ID EA  ...........................................................................................................................................
R H IP IL IA  TOMENTOSA ...........................................................................................................................................
PE N IC IL L U S  DUMET....................................................................................................................................................
ULVA FASCIATA............................................................................................................................ ...........................AC










KLEBSORMIDIUM F L A .................................................................................................................................................
SPIROGYRA MAXIMA ...........................................................................................................................................
EQUISETUM S P . ...........................................................................................................................................
GLYCINE MAX ...........................................................................................................................................
SACCHAROMYCES GC ACGCGCGC T ACACTGACGGAGC C AGCGAGT C . . TAACCTTGGCCGAGA
PHAEODACTYLUM S P ....................................................................................................................................................
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AC ROSI PHONIA S P . AGGTTCG AGT AATCTTTG AAAC CGT ATCGTG ATGGGG AT AG AAC ATTGC A
ULVARIA OXYSPERMA AGGTCCGGGTAATCTTTGAAACCGTATCGTGATGGGGA. . AAGCATTGCA
DERBESIA T E N U IS .........................................................................................GTGACGGGGCTAGACTCTTGT.
NEOMER I S  ANNULATA AGACCCGGGTAATCTATGCACATGCGTCGTGATGGGGCCAGAATATTGGA
R HIZOC LON I UM S P . FW AGGT ATGGGT AATCTGCGAAACTGCATCGTG ATGGGGCTAG ATT ATTGCA
ANADYOMENE S T E L .......................................................................................................................................................
MICRODICTYON BORG............................................................................................................................................ C .




TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V IR . AGGTCCGGGT AAT CTTTG AAATTT C ATCGTG ATGGGG AT AG AT C ATTGCA
BLASTOPHYSA R H IZ O .............................................................................................................................. AC.TGCA
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CYMOPOLIA BARBATA .................. GG. AATCTATGCACATGCTTCGTGAT. AGCAC. GAATATTGGA
BATOPHORA O ERSTED.................................................................................................................................................
UDOTEA S P . ...........................................................................................................................................
B RY O PSIS PLUMOSA ...........................................................................................................................................
CAULERPA PROLIFERA ...........................................................................................................................................
CODIUM DECORT. ...........................................................................................................................................
HALIMEDA D ISC O ID EA  ...........................................................................................................................................
R H IP IL IA  TOMENTOSA ...........................................................................................................................................
P E N IC IL L U S  DUMET....................................................................................................................................................
ULVA FASCIATA AGAGTCGGGTAATCTTGAAACTATCGT..............T . GGGA. . . AACATTGCA




CHLORELLA AGGCCCGGGT AAT C T T CGAAAC TGC ATCGTGATGGGG AT AG ATT ATTGC A
ATRACTOMORPHA ECH.................................................................................................................................................




KLEBSORMIDIUM F L A .................................................................................................................................................
SPIROGYRA MAXIMA ............................................................................................ TGGGATAGACCCTTGCA
EQUISETUM S P .  GGGT AAT C TT TTG AAATT T C ATCGTG ATGGGG AT AG ATCATTGCA
GLYCINE MAX  GGATAGATCATTGCA
SACCHAROMYCES GGTC T TGGT AAT CTTGTGAAACT C CGTCGTGCTGGGGATAG AGC ATTGTA
PHAEODACTYLUM S P ....................................................................................................................................................
( ]
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ACROSIPHONIA S P . ATTATT. GTTCTTCAAC. GAGGAATGCCTA. GTAAGCGTGAG. . TCATCA 
ULVARIA OXYSPERMA ACTTATTGTTCTTCAAC. GAGGAATGCCTA. GTAAGCGCGAG. . TCATCA 
DERBESIA T E N U IS . ATTCTT. G . TCTTCAAC. GAGGAATGCCTA. G TA . . . . CGGG. . TCAGAA 
NEOMERIS ANNULATA ATTGTT. ATTCTTCAAC. GAGGAATGCCTA. GTAAG. TCGGG. . TCATCA 
RHIZOCLONIUM S P .F W  ATTATT. GATCTTCAAC. GAGGAATGCCTA. GTAA. . GCGAG. . TCA T. .
ANADYOMENE S T E L ................................................................ GG AATGCCT A .G T AAG . . .GAG. .T .  .T .  .
MICRODICTYON BORG. A TT. T T . GATCTTC. A C . . . GGAATGCCTA. G T . AGC. CGAG. .TCATCA 
C LADO PHORA ALBIDA ATTATT. GATCTTCAACCGAGGAATGCCTA. GTAAG. GCGAG. . TCA T. A
CHAETOMORPHA LINUM ...........................GATCTTCA. AGGAATGCCT A . GTAAG . GCG AG . .  TCATCA
CLADO PHOROPSIS MEM ...................................C . A C . GAGGAATGC . T . . G T . AGCGCGAG. . TCATCA
DICTYOSPHAERIA VER ............................................................................................................... A G ..TCA TCA
TRENTEPOHLIA S P .......................................................................................................................................................
CEPHALEUROS V IR . ATTGTT. GGTCTTCAACGAGGAATT. CCTA. GTAAGCGCGAG. . TCATCA 
BLASTOPHYSA R H IZ O . A T T .T . .GGTCT.CAACG. . G . AATGCCTA. GTAAGCGCAAG. . TCATCA 
CYMOPOLIA BARBATA ATTGTT. ATTCTTTAACG. . G . AATGCCTA. GTAAGTACCAG. . TCATCA
BATOPHORA OERSTED............................................................................................................................................... A
UDOTEA S P . ...............................................................ATGCCTA. GTAATCGCAGG. . TCATCA
B R Y O PSIS PLUMOSA .........................................................GAATGCCTA. GTAGTCGTGGG . . TCGGTA
CAULERPA PROLIFERA .............................................................. ATGCCTA. GTAATCGTAGG. . TCATTA
CODIUM DECORT. .........................................................GAATGCCT A . G TA . . .  CCGGG. .  T . .  GGA
HALIMEDA D ISC O ID EA  .............................................................................T A . GTAATCGCAGG. . TGA. . T
R H IP IL IA  TOMENTOSA .........................................................GAATGCCTA. GTAATCGCAGG. . TCATCA
PEN IC  I LLUS DUMET.................................................................GAATGCCTA. GTAATCGCAGG. . TCATTA
ULVA FA SCIA TA  ATTATT. GTTCTTCAAC. . AGGAATGCCTA. GTAAG. . CGAG. . TCATCA
ENTEROMORPHA IN T ................................................................................CCTA. GTAAGCGCGAG. .TCATCA
ULOTHRIX ZONATA ............................................................................................................................................
URONEMA BELKAE ................. AGTCTTCAAC. .A.GAATGCCTA. GTAAG. . CGAG. . TCATCA
CHLAMYDOMONAS EUG........................................................... GG AATGCCTA. G T . AGCGTGAG. . TCATCA
CHLORELLA ATTATT. AATCTTCAACG. AGGAATGCCTA. GTAAGCGCAAG. . TCATCA
ATRACTOMORPHA ECH...............................................................GAATGCCTA. GTAAGCGCAAG. .TCATCA
CHLOROGONIUM ELON. . TTA TT. AGTCTTCAAC. . A . GAATGCCTA. GTAAGCGCAAG. . TCATCA 
PLEURASTRUM GTCTTCAACG. AGGAATGCCT A . GTAA. . GCGAG. . TCATCA
166
PSEUDOTREBOUXIA ....................................................................... CCTA.GTAA. .GCGAG. .TCATCA
PEDINOMONAS ...........................................................................................................................................
KLEBSORMIDIUM FL A .................................................................................................................................................
SPIROGYRA MAXIMA ATTATT. GGTCTCGAACG. A . GAATACCTA.GTAACCGCTCG. . TCATCA 
EQUISETUM S P . ATTATT. GATCTTCAACT. AGGAATTCCTA. GTAAGC. CGAG. . TCATCA
GL YCINE MAX ATTGTT. GGTCTTCAACG. AGGAATTCCTA. GTAA. . GCGAG. . TCATCA
SACCHAROMYCES ATTATT. GCTCTTCAACG. AGGAATTCCTA. GTAAGCGCAAG. . TCATCA
PHAEODACTYLUM S P  AAACGC . AG . ATCATCA
ACROSIPHONIA S P . 
ULVARIA OXYSPERMA 
DERBESIA T E N U IS . 
NEOMERIS ANNULATA 
RHIZOCLONIUM SP.FW  






TRENTEPOHLIA S P . 
CEPHALEUROS V IR . 
BLASTOPHYSA RH IZO . 
CYMOPOLIA BARBATA 
BATOPHORA OERSTED. 
UDOTEA S P .




R H IP IL IA  TOMENTOSA 
PE N IC IL L U S  DUMET. 
ULVA FASCIATA 










KLEBSORMIDIUM FLA . 
SPIROGYRA MAXIMA 
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
]
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. TCTCGCGTTGAT. TA C . GTCCCTGCCCTTTGTACACA. CGCCCGTCGCT 
. TCTCGCGTTGAT. TA C . GTCCCTGCCCTTTGTACACACCGCCCGTCGCT 
. TCCCGCGACGAT. TA C . G T . . . TGCCCTTTGTACACA. CGCCCGTCGCT 
. GCCGGCGTTGAT. T A T . . . CCCTGCCCTT. GTACTCACGCCCGTCGCTT 
. ACTCGCGTTGAT. TA C . GTCCCTGCCGTTTGTACACA. CGCCCGTCGCT 
. ACTCG. GTTGAT. TAC. GTCCCTGC. . . TTGTACACAC. . CCCGTCGCT 
. ACTCGCGTTGAT. TA C. GTCCCTGCCGTTTGTACACACC. CCCGTCGCT 
. ACTCGCGTT. A T . TA C. GTCCCTGCCGTTTGTACACA. CGCCCGTCGCT 
. ACTCG. GTTGAT. TA C. GTCCCTGCCGTTTGTACACA. CGCCCGTCGCT 
. ACTCGCGTTGAT. TAC.GTCCCTGCCGTTTGTACACACCGCCCGTCGCT 
. ACTCG. GTTGAT. T . C . GTCCCTGCCGTTTGTACACAC. TCCCGYC . CT
.............. CGTTGAT. T A . . . TCCCTGCC. . . . GTAC. C . C C . CCCGT. GCT
. GCTCGCGTTGAC. TA C. GTCCCTGCCCTTTGTACACACCGCCCGTCGCT 
. GCTTGCGTTGAT. TA C. GTCCCTGCCCTTTGT. C . C . CCGCC. GTCGCT 
. ACCGGTGTTGAT. T A T . GTCCCTGCTCTTTGT. CTCACCGCCCGTCGCT 
. GCTTGCGTTGAT. T A . . . . CCCTGCCCTYT. . A C . CAC. C C . . GTCGCT 
. TCCTGAGATGAT. T . C . GTCCCTGCCCTTTGTACACACCGCCCGTCGCT 
. TCCCACGACGAT,T.C. GTCCCTGCCCTTTGTACGC. C . GCCCGTCGCT 
. TCCTGCGATGAT. T A T . GTCCCTGCCCTTTGTACACAC. G . CCGTCGCT 
. TCCCGCGACGAT. TG C. GTCCCTGCCCTTTGTACACA. CGCC. GTCGCT 
. CCTGC. GATGATGT. CGGTCCCTGCCCTTTGTACAC. . C T C C . G T . GCT 
. TCCTGCGATGAT. T A . GGTCCCTGCCCTTTGTACACA. CGCCCGTCGCT 
TCCTGAGATGAT. T . CGGTCCCTGCCCTTTGTACACACCGCCCGTCGCT 
. TCTCGCGTTGAT. TAC. GTCCCTGCCCTTTGTACACA. CGCCCGTCGCT 
. TCTCGCGTTGAT. TA C. GTCCCTGCCCTTTGTACACACCGCCCGTCGCT
 G .G T T .A T .T A .. . TCCCT. CCCTTTGTACA. A . C . CCCGT. .C .
. GCTCGCGTTGAT. TA C. GTCCCTGCCCTTTGTACACA. CGCCCGTCGCT 
. GCTCGCGTTGAT. T . C . GTCCCTGCCCTTTGT. C . CACCGCCCGTYGCT 
. GCTTGCGTTGAT . TAC . GTCCCTGCCCTTTGTACAC ACCGCCCGTCGCT 
. GCTTGCGTTGAT . TAC . GTCCCTGCCCTTTGTAC AC ACCGCCCGTCGCT 
. GCTTGCGTTGAT . TAC . GTCCCTGCCCTTTGTACAC ACCGCCCGTCGCT 
. GCTCGCGTTGAT. TAC. GTCCCTGCCCTTTGTACACACCGCCCGTCGCT 
. GCTCGCGTTGAT. TA C. GTCCCTGCCCTTTGTACACA. CGCCCGTCGCT
................................................GTCCCTGTCCTTTGTAC. C A . CGCCCGT. GCT
. . . TCGCGTTGATTTA. .GTCCCTGCCCTTTGTACACAC.GCCCGTCGCT 
. GCGTGCGCT. A C. TAC . GTCCCTGCCCTTTGTACACA. CGCCCGTCGCT 
.GCTCGCGTTGAC . TAY . GTCCCTGCCCTTTGTACACACTGCCCGTCGCT 
. GCTCGCGTTGAC. TAC. GTCCCTGCCCTTTGTACACACCGCCCGTCGCT 
GCTTGCGTTGAT. TA C . GTCCCTGCCCTTTGTACACACCGCCCGTCGCT 
ATCTGCC ATTGAT. TA . .GTCCCTGCCCTTTGT AC AC ACCGCCCGTCGCA
1 ]
t 1
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ACROSIPHONIA S P . CCTACC. GATT. GAAC. GTG. C T . GGTGAAGAGTTTGG. . ATTGGAGTTT
ULVARIA OXYS PERMA CCTACC. GATT. GAAC. GTG. C T . GGTGAAGCGTTAGG. . ACTGGAACTT 
DERBESIA T E N U IS . GATACT. GATGGCA. . . . GAACT. GGCAAAACCGGGGG. .AC.GTGCTCC
NEOMERIS ANNULATA GATCCT. GATCGTTGCAGTT. . . . GGTGAAATGTTTGG. . ATCGACTCCG
169
RHIZOCLONIUM SP.FW  






TRENTEPOHLIA S P . 
CEPHALEUROS V IR . 
BLASTOPHYSA R H IZO . 
CYMOPOLIA BARBATA 
BATOPHORA OERSTED. 




HALIMEDA D ISCOIDEA 
R H IP IL IA  TOMENTOSA 
PE N IC IL L U S  DUMET. 
ULVA FASCIATA 










KLEBSORMIDIUM FLA . 
SPIROGYRA MAXIMA 
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
CCTACC. G A TT. GGGT. G TG , C T . GGTGAAATGTTCGG. . ATTGGTAGCC 
CCTACC. GATT, . . . T . G TG . C T . . . TGAAAT. TTCGG. . ATTAGACGGC 
CCTACC. GATT. GGGT. G TG . C T . GGTGAAAT. TTCGG. . ATTGGACGGC 
CCTACC. GATTGGGGT. GTGACT. GGTGAAATGTTCGG. . ATTGATCGCC 
CCTACC.GATT. GGGT. GTG. C T . GGTGAAAT. TTCGG. . ATTGGACGGC 
C C . ACC. GATT. GGGT. GTGCGT. . . . GAAAT. TTCGG. . ATTAGACAAC 
CCTACC.GATT. .G .T .G T .  .C T . G G T .A A A ..T T C G G .. ATTGGG. AYG 
CCTTCC.G A TT. GGGT. GTG. G T . GGTGAAGAGTTCGG. . ACTGGACCAG 
CCTACC . GATT. GAATGGT. . CC . GGTGAAGTGTTCGG . . ATTGCGGCGA 
CCTACC■GATT. . G A T. G TG . C T . GGTGAAGCA. ACG. . . A CT. TGGA. C 
TGATCC. GACGTTACA. G T . . . T . GGTGAACTGTTTGG. . ATTATCCTTG 
TGATCCTGTC. TTGCA. . T . . . Y . . GTGAAAAGTTTGG. . A T. . GYCTTC 
CCATCC. G . . T . GCAT. GCG. C C . GGTGAAGAGGGGGG. . AGCGTCGACC 
. GATCCTGA. TGGCAGC. T . . . T . G . C G - . . TCGGGGG. . AGCGGAGTGG 
CCTG C C .G . . T . GGCTCGTG. C C . GGTGAAGAG. GGGG. . AGGCAGCGTC 
. GATACTGA. TGGCAGAA. . .C T .G G . . . AA. CCGGGG. .A C G C .G C C .T  
CCATCC. G . . T . . . ATGC. G . C C . GGTGAAGAG. GGGG. . AGGCAGCGTC 
C C A T C C .G .. T . G . A T . GCG. C C . GGTGAAG. G . GGGG. .A .G C ..C G T . 
CCATCC. G . . T . GCAT. GCG. C C . GGTGAAGAG. GGGG. . ATGCAGCGTC 
CCTACC. GATT. GAAC. GTG. C T . GGTGAAGCGTTAGG. . ACTGGAACTT 
CCTACC. G ATT.GAAC.GTG. C T . G . . GAAGCGTTAGG. . ACTGGAACCT 
C C . . C C . GATT. GAATGG. . . C . . G . TAAAGATTTGCGGAATTGCT. TTC 
C C T . C C . GATT. GGGT-G TG . . TGGGTGAAGCGCTCGG. . A T . . . GGGGC 
CCTACC. GATT. GGGT. GTG. C T . GGTGAAGTGTTCGG. . ATTGGCTT. G 
CCTACC. GATT. GGGT. G TG . C T . GGTGAAGTGTTCGG. . ATTGGCGACC 
CCTACC. GATT. GGGT. G TG . CT.GGTGAAGTGTTCGG. . ATTGGCGGGG 
CCTACC. GATT. GGGT. G TG . C T . GGTGAAGTGTTCGG. . ATTGGCTTCA 
CCTACC. GATT. GGGT. GTG. C T . GGTGAAAAGTTTGG. . ACTGGCGGTA 
CCTACC. GATT. GGGT. G TG . C T . . GTGAAGCGTTCGG. . ATTGCGTTAG 
ACTACC. GATT. GAAT. C . T . T T . GGTGAGGCTCACGG. . ACTGTCGTGC 
CCTACC. GATT. GAAT. G A T. C C . GGTGAAGTTTTCGG. . ATTGCGGCTA 
CCTACC. GATA. GAAT. G C T. C C . GGTGAAGCATTCGG. . ATCGC. C ACC 
CCTACC. GATT. GAAT. GGT. C C . GGTGAAGTTTTCGG. . ATTCGGCGAC 
CCTACC. GATT. GAAT. G G T. CC.GGTGAAGTGTTCGG. . ATTGCGGCGA 
AGTACC. GATT. GAAT. GG. . CTTAGTGAGGCCTCAGG. . ATCTGCTTAG 
CCTACC. GA. T . GGAT- G G T. C C . GGTGAAGCCTCGGG. . ATTGTGACCA
[
7 ]
6 7 8 9 0 ]
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ACROSIPHONIA S P . 
ULVARIA OXYSPERMA 
DERBESIA T E N U IS . 
NEOMERIS ANNULATA 
RHIZOCLONIUM SP .FW  






TRENTEPOHLIA S P . 
CEPHALEUROS V IR . 
BLASTOPHYSA R H IZO . 
CYMOPOLIA BARBATA 
BATOPHORA OERSTED. 
UDOTEA S P .
B RY O PSIS PLUMOSA 
CAULERPA PROLIFERA 
CODIUM DECORT. 
HALIMEDA DISCO ID EA  
R H IP IL IA  TOMENTOSA
TGCTAGGTTTCCTAGCCCTGACG. . CCGAGAAGTTCTTTAAACCCTCCCG
TGGCCGGT CTC C . GCCCATTGTTTCGGGAATTTCG........................................
T T ..C G .G C C .G A A ....................................................................................................
C . . CGAGAAAACGTTACGAGAGGCGA..................................................................
TTTCCGTAAGGGAGACAACTGAGAAG..................................................................
CTTCCGTCAGGGGGC. GTTTGAGAAGTT. C A TT. . AACCCTCT. CACC. .  
CTTCCGTCAGGGGGCCGTTTGAGAAGTT. CA TT. GAACCCTCT. CACCTA
TTTCCGTCAGGGAGACGTTTGAGGGAGTTCATTAACCCTCTCATC............
TGTTCGT. AGAGAGT. C C . TGAGAAGTTCATTGAACCCTCT. CACCTAGA 
CTACCGT. AGGG. GTCGT. TGAGAAGTTCATT. . AACCCTCT. CACC. AG 
CCT ACCGTCA. G . . G TA . T T C . A . AAGTTCATT. AACCCTCYCACCTA. A 
G C T A G C A A T A ..C C C .. TTGGGGAAGTCCGTTT. AAACCCTC. . .C C TA . 
CGTGAGCGGTTCGCTGCCCGCGACGTTGTGAGAAGTCCACTCAACCTTAT 
ACCCTCGGGT.ATTTGCGGGAAATGTGTTAAACCCTCC.CATCTA.A.. .  
TTCCGTGAAGACGTTACAGGTT. GAA. . ATTCGGTGAACCACCTG. TTAT
CGAAA. C G . . GTTACCCCTAGAA. TTCTCTTAACCACCT. T T A .................
GGGTAAC. CCGGTTTGCAAGTGAACC. C TC T. AACCTTCGCACGTA. AG. 
CCGGCTTCGGGTGCG AGCG AGC CGG AG AGCCTGC. TAAGCCAATTT . . TC 
AACAG. G C . . . CCCCT. ATTGT. CGTGGAACCCCTCT. GAACCTTC. CGA
T T . . TGGGAGC. . . . CCCGCT. . AACCACTTTT. . . C T A .A .......................
GGCTGGGTAACTCCA. ATCGTACGTGGAACCCCTCT. GAACCTTC. CACG 
ATCCGATTAACGTCGGC. TTGTAGGTGGAAC. . . TCTGAACCTT. G . . TG
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KLEBSORMIDIUM FLA . 
SPIROGYRA MAXIMA 
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
GGTCGGGTAACACCGGCTTGT ACGTGGAACCC. TCTGAACCTTCGCACGT 
TGGC CGGTCT C CTGCC C ATTGTTT CGGG AATTTCGTT. -AACCCTCCC. . 
T G . GGCCGGTCTCCTGCCCATGGTTTC. G . AATTTCGTT. . AACCCTC. .  
ACGTTAG. . TTCCAAGCTCTTACCA. C . GAGAAGTT. A TT. AACCCTCCC 
GGTC. GGAGTCT. . CCCACC. . CCCTGAGAAGTCCGTT- AAACCCTCCCA 
AGGGGT. GGCAA. . CTCCCCAGAGCCGAGAA. ATCATT. AAACCCTCCCA 
TGGGGCGGT CTCCGCTCT CGGCCGC CGAGAAGTT. CATTAAACCCTCCCA 
TTGGGTGGTTCGCCACCCTC. . CCTGCTGAGAAGTTCATTAAACCCTCCC 
GC AGT TGGC AACTTCTGCTGTTGCTGAGAAGAT CATT AAACCCTCCCA. .  
GGCGGGTGGTTCGCCATCTGCTGC. TGCCGGGAAATTCTTTAAACCCTCC 
TCGGGTTTTC CGCCTC CTCTCACTGAGAAGTTCGT T AAACCCTC CC AC CT 
TTCCTTCCTCGTGTTGGTTGTACTTCG. . G . GAA. G T . ATAC. . A . . CCT 
C TGGT CCGCCGCCGAAG AAGCTGTGAGGC AAGGTTC ATTAAACCTTATCA 
GGC GGG C AACTC CGGAGACGGC ATGAGAA. . TTGTTGAACCTTATCGT. T 
GCTGGCGGT. CGCCGGCGACGTTGTGAGAAGTTCATTGAACCTTACCATT 
CGTGAGCGGTTCGCTGCCCGCGACGTTGTG AGAAGT C C . A C T. GAACCTT 
AGAAGGGGGC AACTCCATCTC AAGCGGAGAATTT. GGAC. AAACTTGGTC 
. GTGCCT. T . TYGGTGTTGGTTGCG. GAACTT.GTCT. AAACCTTATCAT
[ ]
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KLEBSORMIDIUM FLA . CTAGTA...........
SPIROGYRA MAXIMA CTAGTA...........




PHAEODACTYLUM S P .
CTAGTAGCTGGT 
C T A G T A .C T G ..
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ULVA FASCIATA ...........................................................................................................................................










KLEBSORMIDIUM F L A .................................................................................................................................................
SPIROGYRA MAXIMA ...........................................................................................................................................
EQUISETUM S P . ...........................................................................................................................................
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NEOMERIS ANNULATA ...........................................................................................................................................
RHIZOCLONIUM S P .F W  ...........................................................................................................................................
ANADYOMENE S T E L .......................................................................................................................................................
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TRENTEPOHLIA S P , AAGGGTT. AAGATT. CCCTTACCTGGACGGGGCGTAGGTGGCAACACAAG
CEPHALEUROS V I R ........................................................................................................................... CAGCAAGCGA
BLASTOPHYSA R H IZ O .................................................................................................................................................
CYMOPOLIA BARBATA ...........................................................................................................................................
BATOPHORA O ERSTED.................................................................................................................................................
UDOTEA S P .  GGCGACCCGACATG
BRYOPSIS PLUMOSA GAAGGTT . AAGATT. .  CCT TC AC TGGC ACG AGGCGTAGCGGTGACGCG AT
CAULERPA PROLIFERA ....................................................................................................................................AGG
CODIUM DECORT. ...........................................................................................................................................
HALIMEDA D ISCO ID EA  ...........................................................................................................................................
R H IP IL IA  TOMENTOSA ...........................................................................................................................................
PE N IC IL L U S DUMET GGTGACCCGAC . TG
ULVA FASCIATA  AAGGCTGG . GGCAACGTAA
ENTEROMORPHA IN T ....................................................................................................................................................
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SPIROGYRA MAXIMA ........................................................................................................................ GACG . AC
EQUISETUM S P . ................. AATACTTCCCGAACCGGGACGCGGCAGTGGACGGTAACGTAAC
GLYCINE MAX .......................................................................CGTGGCGGCTGACGGCAACGTTAG
SACCHAROMYCES CGGT . . AAGATT . CCGGAACTTGGATATGGATT CTTC ACGGT AACGT AAC
P HAEODACTYLUM S P ....................................................GGAGGAGGTGGATGTTGAGTGGCAAGACGAACGG
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ACROS I PHON IA  S P . GCGAGCCTGCAGACGCCGGTGGTGGCCCTGGGAAGAGTTATCTTT . TCTT
ULVARIA OXYSPERMA ............................................................................................................................................
DERBESIA T E N U IS .......................................................................................................................................................
NEOMERIS ANNULATA ............................................. .............................................................................................
RHIZOCLONIUM S P .F W  ............................................................................................................................................
ANADYOMENE S T E L  GGGCAGGTCCGGG - . . . GAGTTGTCTTT . TCTT
MICRODICTYON BORG...................................................................................................GAGTTGTCTTT. TCT .
CLADOPHORA ALB I  DA ..................................................................TCCGGGA. AAGAGTTGTCTTT. TCTT
CHAETOMOR PHA LINUM ACCCTGCAGGGAC . CAGG. . CAGGTCCGGGA. AAGAGTTGTCTTT. TCTT
CLADOPHOROPS I S  MEM .............................. C C . A . GGCATGGTCCGGGA. . . GAGTTGTCTTT . TCTT
DICTYOSPHAERIA VER .............................. CGCCAGGG. AGGTCCGGGA. AAGAGTTGTCTTT . TCTT
TRENTEPOHLIA S P . CGAGCTCGGCGACACCGGCGATGGTCCCGGG . TAGAGTTATCTTT . TCTA
CEPHALEUROS V IR . GCTCGGCGAGCACCGGCGAGTGGTC. . . GGG . T AGAGTT. T C T T T . TCTG
BLASTOPHYSA R H IZ O ......................................................................................GG . AAGAGT TCT CTT T . TCTT
CYMOPOLIA BARBATA ............................................................................................................................................
BATOPHORA O ERSTED.................................................................................................................................................
UDOTEA S P . GACTGCCGAGCGACGCCCTG A . GGCCCGAGG . A . GAGTTTCCTTT . TCTC
BRYOPSIS PLUMOSA CAACCCCGGAGATGCCGGCGGCGGTGGCGGG . AAGAGTTCTCTTT. TCTT
CAULERPA PROLIFERA CTTCCGAAGCAACGCCCTCGACGACCCGAGG . AAGAGTTTCCTTT. TCTC
CODIUM DECORT.  AG A . ACCGACGGCGGCGGCGGG. .  AGAGTT CTCTTT . TCTT
HALIMEDA DISCO ID EA  .................................... AGGCCT. A . .  C C . . .  GG. AAGAGTTTCCTTT. TCTC
R H IP IL IA  TOMENTOSA ............................................................ GGCCC . AGGGAAGA. TTC C C TTT. TCTC
PEN IC I  LLUS DUMET . GACTGCC. AGCGACGCCY . . ACGGCCC . AGG . AAGA. TTC C C TTT. TCTC
U LVA FA SC I AT A CGA. CT . AGA. AC . . C . GCGATGGC . CTGGA . AAGAGTTCTCTTT . TCT .
ENTEROMORPHA IN T  GG. YTGGA . AAGAGTTCTCTTT . . CTT
ULOTHRIX ZONATA ....................................................................CCTTGG. AAGAGTTCTCTTT. TCTT
URONEMA BELKAE CGAGCTCG. . A . CATCGGCATCGGCCCTGGG. A . GAGTTGTCTTT. TCTT
CHLAMYDOMONAS EUG.............................................. TCGGTATGGCCCTGGG. AAGAGTTCTCTTT. TCTT
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CHLORELLA ............................................................................................................................................
ATRACTOMORPHA ECH ........................................................................CCCTGGG . AAGAGTTCTCTTT . TCG .
CHLOROGON I UM ELON..........................................................A . T . . CCC . GGG . . A . AGTTCTCTTT . TCT .
PLEURASTRUM  GGCC . TGGG . . AGAGTTCTCTTT . TCT .
PSEUDOTREBOUXIA ................................................................................... G . GAGAGTTCTCTTT . T C T .
PEDINOMONAS ....................................................................TCCGG. . . . GAGTT . T C T T T . TCTT
KLEBSORMIDIUM F L A .................................................................................. A . G . AAGAGTTCTCTTT .TCTT
S PIROGYRA MAX IMA GG AATCG AG AG ACGCTGGCGGGG. CTCCGGG . . AGAGTTTT . T T T . TCTT
EQUISETUM S P .  TGAATCCAGAGACGCCGGCGGGGGCCCTGGG . AAGAGTTCTCTTT . TCTT
G L YCINE MAX GG AGTCCGG AGACGTCGGCGGGGGCCCCGG A . AAG AGTT ATCTTT . TCTG
SACCHAROMYCES TGAATGTGGAGACGTCGGCGCGAGCCCTGGG . AGGAGTTATCTTT. TCTT
PHAEODACTYLUM S P . AAGCCGGGGACGAGGCTGCGGGGGCCCCGAC .GAGAGTTTTCTTT .TCTT
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TRENTEPOHLIA S P .
CEPHALEUROS V IR .
BLASTOPHYSA R H IZ O .
CYMOPOLIA BARBATA 
BATOPHORA OERSTED.
UDOTEA S P . TCT . . . AACACCTC . GAGCGA. C T T ....................CGCATGCGATTCCGTGGG
BRY O PSIS PLUMOSA . TT . . . GACGGTCC . . AGTG . C C T T.....................GGAATCCATTCGATGGGA
CAULERPA PRO LIFERA  TCT . . . AACACGTC . GAGCGACTTT.................. GC . ATGCG ATT CCG TGGG
COD I UM DECORT . GTT . . . GACGAGCT . . AAGGACCCT................... GGAA . . C . . TC . . CGGG A
HALIMEDA D ISC O ID EA  T C T . . .  AAC ACCTC . GAGCGA . .  T T .................. GC . ATGCGATTCCGTGGG
R H IP IL IA  TOMENTOSA TCT . . . AACACGTC . GAGCGA . C T T .................. CGC . TGCGATTCCATGGG
P E N IC IL L U S  DUMET. TCT . . .  AACACCTC . CA . CGA . C T T .................. CGCATGC . ATTCCGTGG .
ULVA FASCIATA TTT . . CAACCAGGG . G A . . GA . C C T ....................GGAATCGAGTC . TTCGGA
ENTEROMOR PHA INT . TT . . . . AACAGCCCC . A . YGACCCT................... GGAATCGAGTCATTCGGA
ULOTHR IX ZONATA T T T . . . AA. AGCC. . . A . . GACCC...................... GG . ATCG. GTC . TTCGGA
URONEMA BELKAE T T T . . . AACAGCT . . GAAGG. C CCT................... GGAATCGAATCATTCGGA
CHLAMYDOMONAS EUG . T T T . . . .  ACAGCTC . GAAAG. C CCT................. GGAATCGAATC . TTCGGA
CHLORELLA ............................................................................................................................................
ATRACTOMORPHA ECH . TTTT . . AACAGCCC . GAAGG. C CCT................. GGAATCGAATC AT TCGG A
CHLOROGONIUM ELON. T T T . . .  AAC AGCT. .  GAAGG. C C C ....................... GGAATCGAATC . .  TCGGA
PLEURASTRUM T T T . . . .  AC AGC . C . GAAGG. C C C T..................GGAATCGAATC . . TCGGA
PS EUDOTREBOUXIA T T T . . . .  ACAGCT . . GAAGG. CCCT.................. GGAATCGGCT. ATCCGGA
PEDINOMONAS TTT . . . .  ACAGCCT , GTAG . . CCCT.................. GGAATCGGATT . CCCGGA
KLEBSORMIDIUM FL A . TTT . . .  AACAG. TCCGCCC . ACCCT.................. GGAATCAGATTAACTGGA
S P I  ROGYRA MAX IMA TTT . . . GACAG. TC . GAGCG . C C C T.................. GGAATT . GATT . C . CGGC
EQU I  SETUM S P . TTT . . . AACAACTT . GCCC . ACCCT.................... GAAATCGGATCAACCGG A
GLYCINE MAX TTT . . . AACAGCCT . GCCC , ACCCT.....................GGAAAGCC . TCAGCCGGA
SACCHAROMYCES CTT . . . AACAGCTT . AT . C . ACCCC.....................GGAATTGGTTTATCCGGA
PHAEODACTYLUM S P . GTT . . . AAGAAGC. . GAGAC. CCC . . G AC CC CGG AATCGG AT TGCCCGG A
I 1 2 3 4 5]
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T T T . . . .ACAGCTC. GAAGG .C C C T ................GGAATCAG ATT AT CTGGA
TTT . . . AAC AGCT . . GCAGG . C C . T ............... GGAATCAG ATT ATCTG. A
T T T . . . AAC AGTTC . GAAGG . CCCT................GG AATC AG ATT ATCTGG A
CTT. . .AACAGCTC. GAAGG. C CCT................GG AATC AGATT ATCTGG A
TTT . . . AACAGCTC. GCA . . . C CCT................GGAATC AGATT ATCTG. A
T T T . . . AACGGCTC. GAAGG . C CCT.................. GGAATCAGATTATCTGGA
C T T . . . AACGACCC . GAAGG . CC C T ..................... GAATCGGATCATCCGGA
C T T . . . AACGAGCCCG AAGG. C . C T ............... GGAATCGG ATC ATCCGGA
C T T . . .G A . GACCC. GAAG. .C C C T ............... GGAATCGG ATC ATCCGGA
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ACROSIPHONIA S P . 
ULVARIA OXYSPERMA 
DERBESIA T E N U IS . 
NEOMERIS ANNULATA 
RHIZOCLONIUM SP .FW  






TRENTEPOHLIA S P . ,  
CEPHALEUROS V IR . 
BLASTOPHYSA R H IZO . 
CYMOPOLIA BARBATA 
BATOPHORA OERSTED. 
UDOTEA S P .
B RY O PSIS PLUMOSA 
CAULERPA PROLIFERA 
CODIUM DECORT. 
HALIMEDA D ISC O ID EA  
R H IP IL IA  TOMENTOSA 
P E N IC IL L U S  DUMET. 
ULVA FASCIATA 










KLEBSORMIDIUM FLA . 
SPIROGYRA MAXIMA 
EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
GA T. AGGGTTCAGTGGC. T . GGTAAA
GA T. AGOGCTCAGAAGC. TAGGT. AA 
GA T. AGGGCTCAGAAGC. T . GGTA. A 
GA T. AGGGCTCAGAAAC. T . GGTAAA 
GAT. AGGGCTCAGAAGC. T . GGTAAA 
G A T. AGGGCTCAGAAGC. T . GGTAAA 
G A T. AGGGCCCAGAAGC. T . GGTAAA 
G A T. AGGGCTCAGAGGTC. . GGTACAA 
G A T. AGGGCTCAGAGGT. G . GGTAGAA 













. . . CGCAACG 




TC A CG .TG C. 
T .T .G C G G TG
CGA. GAAGTCCCGCAGTGT. GCAAGA. 
G A T. AAGGCTTGGCGATC. . GGTATA. 
CGA. G AAGTCCCGTAGCGT. GGCAGA. 
. A T . AGGGTTTGACGGC. A . G G T. T . .  
C . A . . AA. TCCCGCAGCGT. G . AAGA. 
ACA. GAAGTCCCGC. GC. T . GCAAGA. 
CGA. GAAGTCCCGCAGT. T . GCAAGA. 
G A T. AGGGTTC. GTGCC. T . GGT. AA. 
G A T. AGGGTTCAGTGCC. T.GGTAAA. 
G A T. AGGGTTCAGTGCC. T . GGT. AA. 
. A T . AGGGCTCAGCA. C . T . GGTAAA. 
GA T. AGGGCCTAGCAGC. T . GG. AAA.
. GCACCG. . . G TTC . C . CGGTG 
. GCGCCGCCAGTTGTTGCG. TG 
.G C A T C G A T C .A T T ,. .CGGTG 
. GCGCCGCCCC. . G . TGCGC.G
.GCACGGTA......................CGGTG
.GCACCG. . GTTTG. CGCGGTG 
. GCACCG. . G T . T C . CGCGGTG 
. GCACCACACGT. CTCGTG. GT 
. GCACA. . T C . T . . TGGTGTCC 
.GCATCGCACGT. C T . GCGGT.
. GCACCGCACGT. CTCGCGGTG 
.GCATCTCA. T T _____TAGGTG
G A T. AGGGCTCAGAGGC. T 
G A T. AGGGCTCA. .A .C .T  
G A . . AGGGCTCAGAAGC. T 
G A . . AGGGCCCA. AAGC. T 
. A T . AGGGTGATGTGGC. T 
G A T. AGGGTCCAGCGAC. T 
G . G . AGGGTGC. GAAAGCT 
G A T. AGGGTCCAGCGGT. T 
G G T. AGGGTCCAGCGGC. T 
G A T. GGGGTCTTATGGC. T 
GA T. GGGGTTGGCGGCT. T
- .G T A .A .. . . A . G C . G . CGTTA. . . .GGTG 
.G G TA A A .. .GCACCGCACTT. C T . GCGGTG 
.GGTAAA. . . G . . CGCA. G . T . C T.G C G G T.
. GGT. AA. . . GCACTGCACTT. CTCGGCAGT 
. GGTAAA. . . GCACCTCACGTCTTGA. G G T.
. GGGAAA. . . GCATCGCACGTCTCGCGGTGT 
.GGCAGA.. . GCG. CGCACTGGT. . CGGTGT 
.G G TA A A .. . GCA. CGCAGGTC. TGCGGTGT 
. GGAAGA. . .GCACCGCACGTCGCGTGGTGT 
.GGAAGAG.. G CC. AGCACCTTTGCTGG. . .
. GGTAAA. . . . GGCCGGC. . T T . T . TGGCGG
( I
( 4 ]
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ACROSIPHONIA S P . TCCGG. AGCG. . C . TACCAACGGTCCT. T .........................................................
ULVARIA OXYSPERMA ...........................................................................................................................................
DERBESIA T E N U IS .......................................................................................................................................................
NEOMERIS ANNULATA ...........................................................................................................................................
RHIZOCLONIUM S P .F W  ...........................................................................................................................................
ANADYOMENE S T E L . TCCCG. AGCG. C C . T . C . . ACGGCCCC. TGAAAACCCGCA. . GGCATTCC 
MICRODICTYON BORG . T C . Y . . AGCG . C C . T . C C . ACGGCCCT . TGAAAACCCGCA . CGGCAATC , 
CLADOPHORA ALBIDA TCCCG. AGCG. C C . T . . . . ACGGCCCT. T . . AAACCCGCAG.GGCAG AG . 
CHAETOMORPHA LINUM TCCCG. AGCG. C C . T . C . . ACGGCCCC. TGAAAACCTGCAGCGGCAA. CC 
CLADOPHOROPSIS MEM TCCCG . AGCG . C C . T . C C . ACGGCCCT . T . AAAACCCGCA . CGGCAA. TC 
DICTYOSPHAERIA VER TCCCG . AGCG . CC . T . C . . ACGGCCCC . TG AAAACCCGC AGCGGC ACT CC
TRENTEPOHLIA S P . TCCGG. TGCG. CCAT. C G . ACGGTCCT...............................................................
CEPHALEUROS V IR . T C .G G . TGCG. CCAT. C . . AC. . T C C . . . . AAAA...........................................
BLASTOPHYSA RHIZO . T . . . ACGTTGC .A  CCCCT . T , AAAAC. . . .  AC . T T A ............
CYMOPOLIA BARBATA ...........................................................................................................................................
BATOPHORA O ER STED .................................................................................................................................................
UDOTEA SP . TCTCGGTCGT . C . GT . . G . AGGGTCCT . TGAAAAGC . . CGGCGGCA. . C .




HALIMEDA DISCO ID EA  
R H IP IL IA  TOMENTOSA 
PE N IC IL L U S DUMET. 
ULVA FASCIATA 












EQUISETUM S P . 
GLYCINE MAX 
SACCHAROMYCES 
PHAEODACTYLUM S P .
TCTTGGACGTCG. . T . 
T C T . GG. CCC. . C . . .  
T C C . GGC. . GTCGT. .  
TCCCGGTCGC. GYC. .  
TCTCGGCCGTCGTC. .  
GTCCGGCGCGCCA. C , 
GGCGCGC AGTCGA. . .  
TCTGGAGCGCTACCA. 
T . C . GCGCGC. GAT. .  
T C ....................................
C G . TGGGTCCT, 
C G . GCGGTCC. ,  
GA.TGGGTCCT, 
GA. . GGGCCCC, 
G A ..G G G TC C T. 
G A .. . GGTCCG, 
G . . TCGGTCCC, 
. . . .C .G T C C T . 
G A .. .G G T C C ..
TGAAAA. CTTCGTGAGCAAC. .
. . . .  AAYC GGAG...........
TGAAAA. C T T ................................
TGAAAAGCTTCGGCA. G A . . . .  
TGAAAAGCTTCGGCGGTATGCT 
TGAAAATGGTAGGTG. AGCACA 
TGAAAATG. TAGG. . AGCATTC 
TG A . . ATGCA. GGGGAG. A . .T  
TG A . AAT. CGAGGGA. . G . . T
. TCGCCGCGCGC. T .
T C .................. C . . .T .
G T C . GCGCGC. GAT. 
GTCCGGAGC. CCACC 
G T . C . GTG. C . TCTC 
C TGGTGCGC C C T. . . 
C . GGTG. A C . C C . . .  
CCGGT. . GCCCCC. .  
C CGGTGCC C CCG. . . 
CT CCGGTGCGCTTGT 
CTTCGGTGCGC. C T .
.G A . .T .
. . . . T . A . . . CCTTGAAAAT 
. A. . . . TC C T. . A . A A . . . .
. . A . . CGGTCCT. .G A .A A T .....................................
.G A . . CGGCCC. .T G A .A A .C . . .  . G G . CCAA. T
. . . A .C .C .  . C T . TGAAAAGGC............. AA . GATT
. G A . . CGGCCCT. TGAAAATTCGGAGGAG. GGAT
. G . . . T T . C C C T. AGAAAATC...................................
. GG. . CGGCCCT. TGAAAATCTGGAGGAGCGATTA 
. G . . . CGGCCCT.TGAAAATCCGGAGGACCGAGTG 
.G A . . CGGCCCG. TGAAAATCCACAGGAAGGAATA 
. G A . . CGCTCCT. TGAAAACCTGGCA. . GTGTTTT
END;
BEGIN PAUP;
OUTGROUP 4 6  [SACCHAROMYCES] 47  [ PHAEODACTYLUM] ;
[CHARACTER DELETIONS CONSISTENT WITH ZECHMAN ET A L. 1 9 9 0  (CHAPTER 3 )1  
EXCLUDE 1 - 1 3 5  2 4 4 - 2 8 0  3 1 9 - 4 7 8  5 6 7 - 5 8 9  6 1 0 - 6 3 7  6 7 2 - 8 4 4  9 4 3 - 9 6 7  
1 0 2 0 - 1 1 7 8  1 2 9 5 - 1 3 2 5  1 3 7 2 - 1 5 2 0  1 6 3 9 - 1 9 1 7  2 0 6 0 - 2 2 2 9  2 3 3 7 - 2 4 0 0 ;
END;
APPENDIX D: COMPLETE SEQUENCE OF SMALL SUBUNIT rRNA GENE 
FOR ACROSIPHONIA SP. (SAG, 127.80)
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ACROSIPHONIA S P .
A c r o s p l . l S s  L e n g t h :  1 7 3 6  A p r i l  1 5 , 1 9 9 2  1 1 : 0 9  T y p e :  N C h e c k :  3 4 8
1 CATATGCTTG TCTCAAAGAT TAAGCCATGC ATGTCTAAGT ATAAAAAGAT
51 TAT ACTTTGA AACTGCGAAT GGCTCATTAA ATCAGTTAGA GTTTATTTGA
1 0 1 TGGTACCTTA CTACACGGAT AACCGTAGTA ATTCTAGAGC T AAGACGTGC
1 5 1 GAAAATCCCG ACTCACGAAG GGACGTATTT ATTAGATCCA AGGCCGAC S T
2 0 1 CCTTGCACGT TTTTGGTGAA TCATGATAAC TTCACGAACC GCATGGCCTT
2 5 1 GTGCCGGCGG TGTTTCATTC AACTTTCTGC CCTATCAACT TTCGACGGTA
3 0 1 GTATAGAGGA CTACCGTGGT AGTAACGGGT GACGGAGGAT TAGGGTTCGA
3 5 1 TTCCGGAGAG GGAGCCTGAG AAACGGCTAC CACATCCAAG GAAGGCAGCA
4 0 1 GGCGCCCAAA TTACCCAATC CTG AC AC AGG GAGGTAGTGA CAAGGAGTAG
4 5 1 TACATAAATA TCAATACTGG GCTTCGGGTC CGGT AATTGG AATGAGTACA
5 0 1 ATCTAAATCC CTTAACAGGA TCCATTGGAG GGC AAGT CTG GTGCCAGCAG
5 5 1 CCGCGGTAAT TCCAGCTCCA ATAGCGTATA TTTAAGTTGT TGCAGTTAAA
6 0 1 AAGCTCGTAG TTGGATTTCG GGTGGGTACC GCCGGTCTCT T CGGGT ATGT
6 5 1 ACTSGTGGCC GCCTTGCTGT CGGGG ACGGT CTCCTGGGCT TTATTGTCCG
7 0 1 GG AAT CGGAG TCGACGATGT TACTTTGAGT AAATTAGAGT GTTCAAAGCA
7 5 1 AGCCTACGCT CTGAATATAA TAGCATGGGA TAACACGACA GGACTCTGGC
8 0 1 CTATCGTGTT GGTCTGTAGG ACCGGAGTAA TGATTAAGAG GGACAGTCGG
8 5 1 GGGC ATTCGT ATTCCATTGT CAGAGGTGAA ATTCTTGGAT TTATGGAAGA
901 CGAACATCTG CGAAAGCATT TGTCAAGGAT GTTTTCATTG ATCAAGAACG
9 5 1 AAAGTTGGGG GCTCGAAGAC GATTAGATAC CGTCGTAGTC TCAACCATAA
1 0 0 1 ACGATGCCGA CTAGGGAXTG GCGGATGTTT GTTTGATGAC TCCGCCAGCA
1 0 5 1 CCTTATGAGA AATCAAAGTT TTTGGGTTCC GGGGGGAGTA TGGTCGCAAG
1 1 0 1 GCTGAAACTT AAAGGAATTG ACGG AAGGGC ACCACCAGGC GTGGC AKGCG
1 1 5 1 GCTTAATTTG ACTCAACACG GGAAAACTTA CCAGGTCCAG ACATAGGAAG
1 2 0 1 GATTGACAGA TTGATAGCTC TTTCTTGATT CTATGGGTGG TGGTGCATGG
1 2 5 1 CCGTTCTTAG TTGGTGGGTT GCCTTGTCAG GTTGATTCCG GT AACGAACG
1 3 0 1 AGACCTCAGC CTGCTAAATA GTGACGATTG CTTTGGCAGT TGGCCCGCTT
1 3 5 1 CTTAGAGGGA CTGTTGGCGT CTAGCCAATG GAAGTATGAG GCAATAACAG
1 4 0 1 GTCTGTGATG CCCTTAGATG TTCTGGGCGC ACGCGCGCTA CACTGATACG
1 4 5 1 TTCAACAAGT TCTTAGGCCG AAAGGTTCGA GTAATCTTTG AAACCGTATC
1 5 0 1  GTGATGGGGA TAGAACATTG CAATTATTGT TCTTCAACGA GGAATGCCTA
1 5 5 1  GTAAGCGTGA GTCATCATCT CGCGTTGATT ACGTCCCTGC CCTTTGTACA
1 6 0 1  CACGCCCGTC GCTCCTACCG ATTGAACGTG CTGGTGAAGA GTTTGGATTG
1 6 5 1  GAGTTTTGCT AGGTTTCCTA GCCCTGACGC CGAGAAGTTC TTTAAACCCT
1 7 0 1  CCCGTTTAGA GGAAGGAGAA GTCGTAACAA GGTTTC
VITA
ZECHMAN, Frederick William
Frederick (Rick) W. Zechman was bom in Durham, North Carolina on 
April 26, 1957 to Nancy and Fred Zechman. He became interested in marine 
biology at an early age during visits to coastal North Carolina. Rick Zechman 
completed a Bachelor of Science with an emphasis in marine biology at the 
University of North Carolina at Wilmington in 1979. During his studies at 
UNCW he was involved in several undergraduate research projects. One study 
investigated the seasonality and vertical zonation of marine macro-algae on a 
North Carolina coastal jetty. As an undergraduate he also attended a marine 
field course at the Isles of Shoals Marine Lab and participated in a  National 
Science Foundation Student Originated Studies project on juvenile brown 
shrimp. Rick Zechman earned a Master of Science at the University of New 
Hampshire in 1984 with a project describing the distribution of marine algal 
propagules through a north temperate estuary. After completing the MS 
degree, Rick Zechman was employed for three years at Harbor Branch 
Oceanographic Institute where he participated in a  study on drift algal 
communities in the Indian River Lagoon system and studies of deep water 
algal communities with the use of the Johnson-Sea-Link Submersibles. 
Zechman began work on the Ph. D. at Louisiana State University in 1987. 
Currently, Zechman‘s research interests include algal phylogeny and 
biogeography, the theory of phylogenetic inference, biology of the Ulvophyceae 




Zechman's studies at LSU have earned him numerous honors and 
awards. They include the Donn E. Rosen Award (Willi Hennig Society, 1989), a 
Sigma Xi Grant-In-Aid of Research (National and LSU Chapters, 1989) and a 
Phycological Society of America Grant-In-Aid of Research (1988). His research 
has been published in nationally and internationally recognized journals.
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